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THE  TENTH  TECHNICAL  ALFALFA  CONFERENCE  was  held  July  11, 
1968,  in  Reno,  Nevada,  in  the  Jot  Travis  Student  Union  of 
the  University  of  Nevada.    It  was  attended  by  forage 
growers  and  processors,  equipment  and  feed  manufacturers, 
feedlot  operators,  laboratory  technicians,  and  research 
personnel  in  State  Agricultural  Experiment  Stations  and 
the  U.  S.  Department  of  Agriculture. 

The  meeting  was  cos  pons ored  by  the  American  Dehydrators 
Association  and  the  U.  S.  Department  of  Agriculture.  The 
program  was  developed  by  George  0.  Kohler,  Chief,  Field 
Crops  Laboratory,  Western  Utilization  Research  and  Devel- 
opment Division,  Agricultural  Research  Service,  USDA; 
Richard  L.  Kathe,  Executive  Vice  President,  American 
Dehydrators  Association;  and  William  R.  Kehr,  Research 
Agronomist,  Crops  Research  Division,  Agricultural  Research 
Service,  USDA.    The  conference  included  both  production 
and  utilization  research. 

The  conference  leaders  are  grateful  to  officials  of  the 
Nevada  State  Agricultural  Experiment  Station  and  the 
University  for  the  use  of  facilities  and  numerous  courtesies 

Statements  made  by  participants  do  not  necessarily  repre- 
sent views  of  the  U.  S.  Department  of  Agriculture.    The  data 
illustrations,  and  references  are  reproduced  essentially  as 
they  were  supplied  by  speakers.    Numbers  in  parentheses  refe 
to  references  or  literature  cited  placed  at  the  end  of  each 
paper. 

This  report  was  prepared  in  the  Western  Regional  Research 
Laboratory,  Albany,  California  94710--headquarters  of  the 
Western  Utilization  Research  and  Development  Division  of  the 
U.  S.  Department  of  Agriculture.    Copies  are  available  on 
request. 
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THE  ADA  RESEARCH  PROGRAM 

H.  C.  Schaefer 
Research  Director,  American  Dehydrators  Association 
Four  North  Point  Drive,  Sheboygan,  Wisconsin 

The  American  Dehydrators  Association  has  been  sponsoring 
research  on  the  merits  of  dehydrated  alfalfa  since  1949.     This  has 
been  done  through  grants-in-aid  to  agricultural  experiment  stations 
and  other  research  institutions.     Investigations  have  been  con- 
ducted with  dairy  cattle,  beef  cattle,  poultry,  sheep,  swine, 
horses,  and  guinea  pigs,  and  in  chemistry  and  agronomy.  The 
objective  has  been  to  obtain  basic  information  on  the  nutritional 
value  of  dehydrated  alfalfa  as  a  component  of  economical  and 
nutritionally  adequate  rations. 

The  research  is  administered  by  the  Director  of  Research 
and  the  projects  are  evaluated  by  the  Research  Council.  About 
half  the  membership  represent  public  institutions  such  as  agri- 
cultural experiment  stations  and  the  other  half  come  from  industry. 
The  Council  meets  annually  at  the  time  of  the  annual  meeting  of  the 
Association  and  the  day  previous  to  the  meeting  of  the  Board  of 
Directors . 

Research  projects  suggested  for  support  by  grant-in-aid  are 
submitted  to  the  Director  of  Research  three  months  before  the 
annual  meeting.     Copies  are  submitted  to  each  member  of  the  Research 
Council  for  study  and  evaluation  before  the  Council  meets.     At  the 
annual  meeting,  each  project  is  discussed  and  evaluated  carefully 
by  members  qualified  in  the  respective  disciplines.  Sometimes 
suggestions  are  offered  for  changes  that  will  improve  the  project. 
After  each  project  has  been  considered,  all  projects  are  listed 
with  priority  ratings,  along  with  amounts  of  funds  requested. 

The  recommended  projects  are  presented  to  the  Board  of 
Directors  for  approval.     The  projects  approved  are  then  conducted 
by  the  research  institutions.     Periodic  progress  reports  are  made' 
to  the  Director  of  Research,  who  reports  these  findings  to  the 
Research  Council  and  Board  of  Directors.     The  Director  of  Research 
works  with  the  project  leaders.     At  the  annual  meeting  of  the 
Association,  a  report  is  made  to  the  membership. 
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Dehy  assay  project.     One  of  the  major  projects  undertaken 
has  been  the  dehydrated  alfalfa  assay.     In  1964,  a  complete  study 
was  conducted,  utilizing  the  most  accurate  assay  procedures  and 
equipment  available.     It  was  planned  and  supervised  by  the  Midwest 
Research  Institute,  Kansas  City,  Mo.     The  assays  were  made  at  the 
best  laboratories  in  the  United  States. 

Thirty-nine  lots  of  four  grades  of  dehydrated  alfalfa  from 
all  major  production  areas  of  the  United  States  were  carefully 
selected  to  represent  typical  lots  of  commercially  aivailable 
materials.     A  total  of  57  analytical  determinations  were  miade 
on  each  of  the  grades:     15,   17,   20,  and  22  percent  protein.  A 
total  of  932  assays  were  made.     These  data  are  published  in  a 
convenient  form  for  the  nutritionist  and  are  highly  compreh-ensive, 
reliable,  and  widely  used.     During  1967  the  assay  report  was 
revised  and  updated  with  new  data  on  mineral  content. 

Recent  Research  Projects 

Unidentified  growth  factors  for  the  guinea  pig.  This 
subject  was  investigated  at  the  University  of  California  by 
Marilyn  Constance  Hooper,  working  under  Prof.  George  M.  Briggs 
and  reported  in  a  Master  of  Science  thesis  in  nutrition  in  the 
Graduate  Division.     Young  guinea  pigs  were  fed  a  basal  purified 
diet,  complete  in  all  the  known  nutrients,   to  which  alfalfa  or 
a  fraction  of  alfalfa  was  added.     The  addition  of  10  percent 
dehydrated  alfalfa  to  the  diet  consistently  produced  a  15  to 
20  percent  increase  in  total  weight  gains  over  those  of  animals 
fed  on  the  basal  diet. 

Most  of  the  growth-promoting  factor  remained  in  the  fiber 
portions  after  extraction  with  water  or  ethyl  alcohol.     It  appears 
that  this  property  of  unidentified  growth  factorCs)   in  dehydrated 
alfalfa  is  organic,  heat  stable,  alkaline  stable,  acid  labile  and 
partially  soluble  in  alcohol.     The  leucocyte  measurements  were 
lower  in  animals  fed  dehydrated  alfalfa  or  some  of  the  fractions 
of  it.     This  might  indicate  that  some  compound (s)   in  dehydrated 
alfalfa  in  some  way  decreased  the  incidence  of  infection  and  thus 
held  the  leucocyte  count  at  a  lower  level  than  that  of  animals  on 
the  basal  diet.     This  project  is  still  in  progress  as  a  cooperative 
investigation  between  the  Western  Utilization  Research  Laboratory 
of  USDA  and  the  University  of  California. 

Effect  of  method  of  drying  on  fatty  acid  composition  of 
alfalfa  of  Wisconsin.     This  investigation  was  conducted  by  Sara  A. 
Hales,  T.  Richardson  and  Dale  Smith,  University  of  Wisconsin.  Sun 
drying,  room  drying  and  high-temperature  oven  drying  reduced  the 
levels  of  linoleic  and  linolenic  acids  as  compared  to  low-temperature 
oven  drying.     Major  leaf  fatty  acids  increased,  whereas  stem  fatty 
acids  decreased  in  immature  herbage  compared  to  first-flower  herbage. 
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This  work  was  done  on  Vernal  alfalfa  seeded  in  May  1965.     The  fatty 
acid  determinations  were  made  with  an  Aerograph  1520  equipped  with 
flame  ionization  detectors. 

Pesticide  and  Salmonella  surveys.     Samples  of  dehydrated 
alfalfa  were  obtained  from  Ohio,   Iowa,  Arkansas,  Minnesota, 
Nebraska,  Kansas,  Texas,  California,  and  Colorado.     A  total  of 
38  samples  were  assayed  for  chlorinated  pesticide  residues  with 
the  following  results  in  parts  per  million:     DDE  -  most  of  the 
samples  contained  0.010  p. p.m.  with  the  range  from  0.010  to  0.29 
(one  sample).     DDD  -  most  of  the  samples  contained  0.010  with  the 
range  from  0.010  to  0.16  (one  sample).     DDT  -  most  of  the  samples 
contained  0.010  with  the  range  from  0.010  to  0.54  (one  sample). 
Dieldrin  -  all  samples  0.010.     Methoxychlor  -  most  samples  none 
was  detected.     A  few  samples  contained  0.03  with  one  sample  0.18. 
BHC  -  range  from  0.002  to  0.005.     Lindane  -  range  from  0.002  to 
0.14  (two  samples). 

The  residues  detected  were  at  insignificantly  low  levels. 
The  level  of  0.54  p. p.m.   is  approximately  one-half  gram  per  ton 
or  the  equivalent  of  1/56  of  an  ounce.     These  levels  are  only  a 
fraction  of  tolerances  allowed  in  human  foods.     Ten  of  the  same 
samples  were  tested  for  Salmonella.     None  was  detected  in  any  of 
the  samples  tested.     These  tests  demonstrate  that  dehydrated 
alfalfa  is  one  of  the  safest  ingredients  for  animal  rations  as 
far  as  chlorinated  pesticide  and  Salmonellae  are  concerned. 

Field  management  studies.     This  project  has  been  in 
progress  for  several  years  and  has  been  directed  by  W.  R.  Kehr , 
Secretary  of  the  Research  Council,  and  R.  L.  Ogden.     The  alfalfa 
was  grown  at  the  Mead   (Nebraska  )  Field  Station.  Objectives: 
(a)  Study  the  effects  of  commercial  field  management  practices 
on  yield  and  quality  of  dehydrated  alfalfa  as  measured  by  dry 
matter,  protein,  carotene,  fiber,  coumestrol,  and  nitrate  content: 
(1)  effect  of  five  common  commercial  cutting  practices,  and  (2) 
effect  of  several  harvesting  procedures.     (b)  Determine  the  effects 
of  insect  control  on  yield  and  quality.     (c)   Study  the  relationship 
between  field  management  and  stand  persistence.     (d)  Study  the 
effect  of  rate  of  flow  and  drum  exhaust  temperature. 

The  greatest  yield  of  digestible  dry  matter  was  obtained 
from  cutting  either  at  bud  stage  of  maturity  or  1/10  bloom  stage. 
The  percent  digestible  dry  matter  was  as  follows:     Bud  stage, 
67.2  percent;   1/10  bloom  stage,   65.0.     The  pounds  per  acre  of 
digestible  dry  matter  were  as  follows:     Bud  stage,  5,616;  1/10 
bloom  stage  5,715.     The  total  dry  matter  yield  was  greatest  when 
all  cuttings  were  made  at  full  bloom  stage.     It  was  8,700  pounds 
per  acre,  while  the  digestible  dry  matter  yield  was  5,374  pounds 
per  acre. 
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The  carotene  and  protein  yields  were  greatest  from  the 
following  cutting  stages:     Carotene  839  grams  per  acre  at  bud 
stage,  869  at  1/10  bloom.     Protein  was  1,782  lb.  per  acre  at 
bud  stage,  1,803  lb.   at  1/10  bloom.     At  these  cutting  stages  the 
coumestrol  and  nitrate  contents  were  lowest  as  compared  with  the 
other  field  management  practices.     The  observations  were  as 
follows: 


Coumes  trol    Nitrate  

P. p.m.      Lb . / acre      Percent        Lb . /acre 


Bud  stage 

50 

0.42 

0.31 

25.8 

1/10  bloom 

56 

0.50 

0.32 

29.4 

Full  bloom  stage 

84 

0.74 

0.36 

32.2 

Least  significant 

difference  (0.01) 

3 

0.06 

0.06 

5.8 

The  insect  population  was  not  high  enough  to  permit  evalua- 
tion of  studies  on  the  effects  of  insect  damage  and  control  of 
quality.     Partial  windrow  drying  studies  were  postponed  because  of 
weather  and  other  scheduling  problems.     The  project  investigators 
will  report  on  this  project  in  greater  detail  in  another  paper  on 
this  program. 


Dehy  and  urea  for  beef  cattle.     Beeson  and  associates  at 
Purdue  University  conducted  interesting  and  beneficial  research  on 
the  value  of  dehy  and  urea  for  beef  cattle.     The  objectives  were 
to  determine  the  effect  of  dehydrated  alfalfa  meal  on  the:  (1) 
utilization  of  nitrogen  from  urea;   (2)  blood  urea  levels;  (3) 
rumen  volatile  fatty  acids;   (4)   rumen  ammonia;   (5)  digestibility 
of  nutrients;   (6)  blood  pattern  of  plasma  amino  acids. 

Four  reversal-type  metabolism  studies  were  conducted  with 
four  closely  related  400-pound  Hereford  steers.     In  each  trial, 
there  was  a  14-day  adjustment  period  on  the  experimental  rations 
and  a  7-day  collection  period.     Feces  and  urine  samples  were 
analyzed  for  nitrogen,  dry  matter,  and  gross  energy.     Rumen  sam- 
ples were  assayed  for  volatile  fatty  acids  and  ruminal  ammonia. 
Blood  samples  were  analyzed  for  plasma  amino  acids. 

The  test  rations  contained  11  percent  crude  protein.  Urea 
supplied  80  percent,  and  73  percent  of  the  dietary  crude  protein 
in  the  basal  and  basal  plus  dehydrated  alfalfa  respectively.  The 
air-separated  15-.percent-proteln  dehydrated  alfalfa  was  prepared 
by  Chrisman  and  Kohler  at  Darr,  Nebraska. 

Dehydrated  alfalfa  at  5  percent  level  in  the  basal  ration 
resulted  in  a  significant  increase  in  the  percent  of  dietary 
nitrogen  utilized  from  the  urea.     The  dietary  nitrogen  retained 
was  increased  from  9.08  to  15.01  percent  and  the  absorbed  nitrogen 
retained  was  increased  from  11.91  to  20.80  percent  or  an  increase 
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in  the  utilization  of  dietary  nitrogen  of  66  percent  and  absorbed 
nitrogen  73  percent. 

There  was  a  significant  increase  in  acetic  acid  and  total 
volatile  fatty  acids  due  to  the  dehydrated  alfalfa.     Plasma  amino  , 
acid  values  indicate  that  there  may  be  some  improvement  in  the 
biological  value  of  bacterial  protein  when  dehydrated  alfalfa  is 
fed  in  combination  with  urea.     The  Purdue  observations  indicate 
that  dehydrated  alfalfa  enhances  the  bacterial  synthesis  of 
protein  from  urea  in  high  energy  rations.     The  significance  of 
these  findings  is  that  when  urea  is  in  the  ruminant  ration, 
dehydrated  alfalfa  should  be  there  also,  for  maximum  utilization 
of  the  nitrogen  from  the  urea. 

Carbohydrate  metabolism  in  the  ruminant  animal  as  influenced 
Js^y  frequency  of  protein  supplementation.     University  ot  New  Mexico, 
Dr.  R.  P.  Kromann,  Project  Leader.     Eighty  cross-bred  feeder  lambs 
were  used  to  determine  the  effect  of  frequency  of  protein  supple- 
mentation, as  supplied  by  dehydrated  alfalfa  or  cottonseed  meal,  on 
growth  and  energy  gain  of  feeder  lambs  and  on  net  energy  of  the 
ration. 

The  basal  ration  was  70  percent  Sudan  grass  hay  and  30  per- 
cent cottonseed  hulls.     Seventeen  percent  protein  dehydrated 
alfalfa,  or  41  percent  cottonseed  meal,  was  fed  at  levels  to 
supply  the  same  quantity  of  protein  intake  at  intervals  of  1,  7, 
14,  and  21  days.     The  gain  was  the  same  from  cottonseed  meal  or 
dehydrated  alfalfa  at  all  intervals  of  feeding.     Both  sources  of 
protein  produced  the  same  gain  and  lambs  fed  the  protein  supple- 
ment at  21-day  intervals  gained  as  much  as  those  fed  the  supplement 
daily . 

Another  project  was  conducted  at  this  institution  on  the 
determination  of  the  net  energy,  for  maintenance  and  production,  of 
dehydrated  alfalfa  by  matrix  analysis.     This  was  conducted  on  17 
percent-protein  dehydrated  alfalfa.     One  hundred  and  five  feeder 
lambs  were  used  in  a  completely  randomized-block-designed  trial. 
The  lambs  were  weighed  initially  and  upon  completion  of  the  experi- 
ment after  24  hours  without  feed  and  water.     Body  composition  of 
the  carcasses  was  determined  on  8  animals  at  the  beginning  of  the 
experiment  and  on  all  animals  upon  completion,   for  determining 
energy  gain  as  described  by  J.  H.  Meyer  in  J.  Animal  Sci.   21_:  111 
(1962). 

The  rations  consisted  of  varying  proportions  of  dehydrated 
alfalfa  and  corn  and  pelleted  with  a  0.635-cm.  die.     The  propor- 
tions of  dehydrated  alfalfa  and  corn  were  in  increments  of  5  percent 
from  0  to  100  percent.     Calcium  carbonate,  other  minerals,  and  urea 
were  were  added  to  meet  the  mineral  and  protein  requirement  for 
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fattening  lambs  (NRC,  1957).  The  lambs  were  fed  ad  libitum  with 
feed  supplied  at  12-hour  intervals. 


There  was  a  linear  relationship  between  the  various  propor- 
tions of  dehydrated  alfalfa  and  corn  in  the  ration  and  the  NE  (m  plus 
p)   (net  energy,  metabolizable  plus  productive)  of  the  ration.  The 
NE  (m  plus  p)  in  K  Cal/gram  for  dehydrated  alfalfa  was  1.213  and 
for  corn  was  2.195.     The  NE  value  for  dehydrated  alfalfa  and  corn 
observed  in  this  trial  is  higher  than  that  reported  by  Morrison, 
which  is  0.994  for  dehydrated  alfalfa  and  1.802  K  Cal/gram  for 
corn.     The  maximum  growth  response  appeared  to  be  obtained  by 
lambs  fed  rations  containing  15  percent  dehydrated  alfalfa. 

Research  in  Progress 

Dehydrated  alfalfa  as  an  extender  of  urea  nitrogen 
utilization  in  dairy  cattle.     Ohio  Agricultural  Research  and 
Development  Center,  Professor  H.  R.  Conrad,  Project  Leader.  This 
investigation  is  conducted  with  high-producing  dairy  cows  at 
Castalia,  Columbus,  and  Wooster,  Ohio.     This  research  has  created 
much  interest  among  dairjmien  and  dairy  nutritionists.     Its  objec- 
tive is  to  determine  the  comparative  value  of  a  pelleted  mixture 
of  dehydrated  alfalfa  and  urea,  Dehy-100,  for  supporting  milk 
production  on  a  lactation  basis.     The  following  combination  in 
percentages  was  pelleted:     Dehydrated  alfalfa  66.0,  urea  31.6, 
monosodium  phosphate  2.0,  and  sodium  metabisulf ite  or  sodium 
propionate  0.4. 

This  ration  was  used  as  the  source  of  nitrogen,  or  protein 
concentrate,  in  rations  of  high-producing  dairy  cows.     The  total 
crude  protein  equivalent  was  approximately  100  percent.     When  added 
to  corn  meal  at  the  5  percent  level,  it  resulted  in  a  concentrate 
ration  with  18  to  19  percent  protein  equivalent  and  contained 
slightly  less  than  3  percent  urea.     Modifications  of  such  a  formula 
were  tested.     The  cows  consumed  a  maximum  of  one  pound  of  urea  and 
two  pounds  of  dehydrated  alfalfa  per  day.     From  30  to  40  percent 
of  the  nitrogen  intake  of  these  cows  was  supplied  by  urea. 

The  Dehy-100  concentrate  fed  at  10  percent  level,  with  corn 
and  oats,  2  percent  dicalcium  phosphate  and  salt  was  compared  with 
soybean  meal  fed  at  22  percent,  corn  and  oats,  2  percent  dicalcium 
phosphate  and  salt.     Corn  silage  fed  free  choice  and  limited 
amounts  of  alfalfa  made  up  the  remainder  of  the  ration.  Average 
milk  yield  on  each  concentrate  was  as  follows:     Average  of  10  cows 
fed  soybean  meal,  53.4  lb.  daily  at  4  percent  fat  corrected  milk; 
average  of  10  cows  fed  Dehy-100,  54.4  lb.  daily  at  4  percent  fat 
corrected  milk. 

These  observations  are  of  economic  importance  to  dairymen 
milking  high  producing  cows  in  that  urea  usually  is  a  lower 
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priced  source  of  nitrogen.     With  dehydrated  alfalfa,  urea  feeding 
is  much  safer  because  the  urea  in  Dehy-100  pellets  cannot  separate 
from  the  rest  of  the  ration.     This  decreases  the  possibility  of 
urea  toxicity  and  unpalatability  from  a  concentration  of  urea.  It 
also  prevents  the  urea  from  escaping  by  hydrolysis.     The  use  of 
Dehy-100  avoids  competition  with  nonruminants  for  the  usually  more 
costly  vegetable  proteins. 

Ensiling  Dehy-100  with  corn  silage  was  also  tested.  This 
was  an  experiment  involving  a  split  Latin  square  design  with  five 
cows  in  early  lactation  in  each  cell  or  group.     One-half  of  the 
number  of  cows  received  urea  as  the  supplemental  nitrogen,  and 
the  remaining  one-half  received  dehydrated  alfalfa  and  urea  as 
supplemental  nitrogen.     Corn  grown  on  the  same  field  for  the  sil- 
age was  treated  as  follows:    untreated;  urea  treated,  16  pounds 
per  ton;  urea  and  dehy  treated,  16  pounds  of  urea  and  32  pounds 
of  dehy  alfalfa.     Twenty  pounds  of  grain  concentrate  were  fed  as 
a  daily  portion  to  each  Holstein  cow.     The  ration  consisted  of  ad 
libitum  corn  silage,  ground  corn  and  oats,  2  percent  dicalcium 
phosphate  and  salt.     Observations  on  4  percent  fat-corrected  milk 
yield  per  day  and  pounds  of  digestible  dry  matter  intake  per  day 
per  cow  are  summarized  in  the  following  table. 


Type  of  silage 


Item 


Untreated 


Urea 

Urea  treated  dehy-treated 


Supplements 

Urea  group 

Dehy-100 
Milk  yield  lb. /day 

Urea  group 

Dehy-100 
Dig,  dry  matter 
intake  lb. /day 

Urea  group 

Dehy-100 


Urea,  corn,  oats 
Dehy,  corn,  oats 

44.1 
45.0 


24.5 
25.1 


Corn,  oats 
Dehy,   corn,  oats 

42.9 
42.4 


24.2 
25.6 


Corn,  oats 
Corn,  oats 

43.0 
43.8 


25.4 
25.5 


There  was  no  significant  difference  in  digestible  dry  matter 
intake  per  cow  per  day  between  the  urea  and  Dehy-100  groups.  In 
the  untreated  silage  comparisons,  the  Dehy-100  group  produced  sig- 
nificantly more  4  percent  fat-corrected  milk  per  cow  per  day  than 
the  urea  group.     The  difference  was  0.9  lb.  per  cow  per  day.  There 
is  an  indication  that  milk  production  was  more  successfully  main- 
tained when  Dehy-100  or  urea  was  fed  in  the  grain  concentrate  than 
when  mixed  with  the  corn  before  ensiling,  or  in  the  com  silage. 
Both  crystalline  and  prilled  urea  have  been  used  in  Dehy-100  without 
any  noticeable  differences  in  acceptability  to  dairy  cows.  Prilled 
and  crystalline  urea  appeared  to  be  of  equal  value  for  milk 
production  in  these  feeding  trials.     With  either  form  or  urea, 
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disintegration  time  of  the  Dehy-100  pellet  in  the  rumen  of 
fistulated  cows  was  apparently  equal,  ranging  between  20  and  30 
minutes.     The  peaks  of  ruminal  ammonia  levels  were  similar  and 
occurred  in  about  an  hour  and  forty-five  minutes. 

There  was  a  difference  in  appearance  of  the  pellets  between 
the  two  forms  of  urea.     With  the  prilled  urea,  the  urea  crystals 
were  evident,  but  the  urea  was  not  evident  when  the  crystalline 
form  was  in  the  pellet.     Conrad  observed  that  dehydrated  alfalfa 
increases  the  utilization  of  the  nitrogen  from  urea  by  lactating 
cows . 

Dehydrated  alfalfa  for  horses.     An  experiment  on  the  value 
of  dehydrated  alfalfa  in  a  complete  pelleted  horse  ration  is  in 
progress  under  the  guidance  of  Dr.  L.  H.   Breuer  at  Texas  A  and  M 
University.     The  objectives  are:     (1)  To  determine  value  of  adding 
dehydrated  alfalfa  to  complete  pelleted  rations  for  mature  horses 
as  indicated  by  feed  requirement  for  maintenance  of  body  weight, 
avoidance  of  digestive  difficulties,  physical  appearance  of  the 
horses,  and  blood  analysis.      (2)  Determine  digestible  energy  and 
protein  content  of  rations.      (3)  Determination  of  digestible 
energy  requirements  for  maintenance  of  horses  of  varying  mature 
body  weights. 

Eighteen  mature  horses  from  the  University  herds  were 
started  in  three  experimental  groups  on  October  1,  1967.  One 
group  serves  as  the  control  and  are  being  fed  on  a  basal  ration 
which  has  been  successfully  used  in  previous  experiments.  One 
experimental  group  is  being  fed  15  percent  protein  dehydrated 
alfalfa  at  20  percent  of  the  ration  and  the  third  group  is 
receiving  40  percent.     The  alfalfa  was  prepared  by  Chrisman  and 
Kohler.     The  experiment  has  not  been  in  progress  long  enough  to 
reveal  any  trends  or  significant  observations  other  than  that 
the  rations  are  palatable  and  the  horses  are  doing  well. 

Dehydrated  alfalfa  in  the  ration  of  pregnant  brood  mares. 
Dr.  James  H.  Bailey,  Bailey  Veterinary  Service,  Pampa,  Texas, 
Project  Investigator.     The  object  is  to  determine  the  effect  of 
high  levels  of  dehydrated  alfalfa  supplement  on  in-foal  brood 
mares,  health  of  offspring,  and  rapid  rebreeding.     Mares  are  to 
be  fed  8  to  10  lb.  of  dehydrated  alfalfa  pellets  daily  from  60 
to  90  days  prior  to  foaling  until  rebred,  or  the  period  from 
January  1  to  June  1. 

Dehydrated  alfalfa  in  the  gestation  ration  of  beef  brood 
cows .     University  of  Florida,  A.   C.  Warnick,  Project  Leader. 
Comparison  of  alfalfa,  white  clover,  and  grass  hay  on  postpartum 
reproduction  and  calf  gains  in  beef  cows.     The  object  is  to 
compare  three  forages  when  fed  with  equivalent  energy,  protein. 
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minerals  and  adequate  vitamin  A  and  D  intakes  on  postpartum  repro- 
duction, fertility,  and  calf  gains  in  cross-bred  beef  cows.  Thirty- 
six  3  year-old  Brahma  and  British  heifers  will  be  assigned  to  three 
groups  as  follows:     Grass  hay,  17  percent-protein  dehydrated  alfalfa, 
and  fresh  cut  white  clover. 

Insect  and  weed  control  in  relation  to  alfalfa.     Ohio  Agri- 
cultural Research  and  Development  Center.     H.  D.  Niemczyk,  Project 
Leader .     The  objectives  are  (1)  To  compare  the  practicability  and 
effectiveness  of  flaming  plus  insecticide,  herbicides  plus  insecti- 
cide, herbicide -•  alone ,  insecticide  alone  and  flaming  alone  for 
control  of  weeds,  alfalfa  weevil,  and  other  insects  in  first-cutting 
alfalfa.     (2)  To  evaluate  the  effectiveness  of  flaming  the  stubble 
of  the  first  cutting  for  control  of  alfalfa  weevil  and  other  insects. 
(3)  Determine  the  effect  of  fall  and  late  winter  flaming  on  stand 
and  yield  in  terms  of  quality  and  quantity.     (4)  To  further  evaluate 
the  effectiveness  of  a  program  for  alfalfa  weevil  control  designed 
to  kill  adults  with  early  spring  sprays  in  order  to  prevent  egg  lay- 
ing.    (5)  To  evaluate  the  effectiveness  and  economic  feasibility  of 
using  Simazine,  CIPC,  DNBP ,  and  2,4-DB  to  control  weeds  in  alfalfa. 
(6)  To  observe  the  effect  of  flaming  and  weed  control  on  the  disease 
complex  in  alfalfa. 


EFFECT  OF  INSECT  RESISTANCE  ON  QUALITY 

Glenn  D.  Moore 
Entomologist,  Northrup,  King  &  Company 
Minneapolis,  Minnesota 


What  is  quality  in  alfalfa?     How  is  it  measured?  What 
quality  factors  are  affected  by  insect  attacks?     How  much  improve- 
ment in  quality  will  result  from  insect  resistance  in  alfalfa? 

To  be  quite  frank,  we  do  not  have  clear-cut  answers  to  any 
of  these  questions.     Quality  in  alfalfa  forage  includes  positive 
nutritive  components  such  as  protein,  carotene,  and  xanthophylls 
and  negative  nutritive  components  such  as  high  fiber  content, 
digestive  inhibitors,   toxic  chemicals.     Quality  must  also  be 
defined  according  to  the  animal  consuming  the  forage.     But  perhaps 
even  more  important  is  a  factor  called  palatability .     It  perhaps 
is  the  most  difficult  to  define  or  to  determine. 
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Chemical  analyses  measure  total  protein,  carbohydrates, 
fats,  fiber,  etc.     For  ruminant  animals,   feeding  studies  or  in  vitro 
methodology  determine  the  proportion  of  total  chemicals  present  that 
is  digestible.     Palatability  is  measured  by  intake  in  studies  such 
as  "cafeteria"  programs  and  by  weight  gain  or  productivity  per  unit 
time  per  unit  area  of  crop  per  animal,  etc.     Often,  however,  when 
we  measure  quality,  palatability  and  even  yield,  we  do  so  on  the 
forage  plant  alone.     That  is,  we  sort  out  the  weeds  and  nonalfalfa 
plants  from  a  sample  before  analyses.     One  of  the  greatest  effects 
of  insects  on  alfalfa,  year  in  and  year  out  over  the  entire  produc- 
tion area,  is  the  thinning  of  stand,  and  therefore,  the  reduction 
in  quality  of  the  total  harvested  forage.     Highly  destructive 
insects  such  as  the  alfalfa  weevil  and  the  spotted  alfalfa  aphid 
are  not  nearly  as  severe  in  this  category  because  their  attacks 
quite  generally  destroy  the  crop  so  completely  as  to  require  re- 
planting.    The  less  noticeable  insects  including  the  potato  leaf- 
hopper,  pea  aphid,  spittle  bug,  plant  bugs  of  the  Lygus  group  and 
mites  not  only  reduce  yields  and  quality  components  of  alfalfa  in 
the  year  of  attack,  but  also  reduce  plant  vigor  sufficiently  to 
cause  an  increase  in  mortality  under  stress  conditions  such  as 
drouth  and  the  rigors  of  winter. 

What  improvement  can  we  expect  then  from  the  inclusion  of 
resistance  to  certain  insects  in  an  alfalfa  breeding  program? 
Most  reports  invariably  include  yield,  and  total  yield  of  quality 
components  is  important,  but  we  shall  try  to  stick  to  a  discussion 
of  quality  here  today.     The  pea  aphid  reportedly  reduces  yield  by 
5  percent  annually,  but  seedling  stands  suffer  far  more  severely. 
Yet  I  have  found  not  one  mention  in  the  literature  concerning  the 
difference  between  stands  where  pea  aphids  have  been  controlled  as 
compared  to  stands  under  the  uncontrolled  "normal"  condition.  As 
few  as  3  to  5  pea  aphids  per  seedling  under  cool  conditions  will 
destroy  a  nonresistant  seedling.     The  resultant  thinned  stand,  I 
suggest,  brings  about  a  far  greater  loss  in  quality  than  does  the 
feeding  effect  of  the  pea  aphid  on  established  alfalfa.  However, 
measurements  have  been  made  in  Nebraska,  Kansas,  Wisconsin  and, 
I  am  sure,  at  other  stations,  showing  that  pea  aphid  attack  on 
alfalfa  does  cause  a  reduction  in  protein  content.     It  also  causes 
a  loss  in  palatability  through  increased  fiber  content  and  mold 
growth  on  the  aphid  secretions   (honeydew)  left  on  the  plant. 
Infestations  of  the  spotted  alfalfa  aphid  cause  the  latter  type 
of  loss  too. 

Another  effect  resulting  from  pea  aphid  attack  was  reported 
by  G.  D.  Butler  of  the  USDA,  ARS .     I've  not  located  the  reference, 
but  the  report  was  to  the  effect  that  the  nymphs  of  Lygus  bugs 
appeared  to  require  the  honeydew  from  aphids  or  mealybugs  for  their 
development  on  stems  and  leaves.     If  I've  gotten  this  report 
straight,   then  resistance  to  aphids  and  mealybugs  would  also  reduce 
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the  losses  to  the  Lygus  bug  complex.     W.  R.  Kehr  at  Nebraska  has 
reported  that  pea  aphids  also  destroy  or  lower  the  carotene  content 
of  alfalfa  and  reduce  overwinter  survival  significantly. 


Perhaps  the  most  information  in  the  literature  concerns  the 
effect  of  the  potato  leafhopper  on  alfalfa  quality.     Reports  of 
"hopperburn"  on  alfalfa  date  back  to  1928,  when  A.  A.  Granovsky 
identified  the  causative  agent  of  alfalfa  "yellow  top."  Damage 
due  to  this  insect  and  others  (even  though  the  potato  leafhopper 
was  misidentif ied  for  years) .  was  reported  even  earlier  than 
Granovsky's  paper.     Let's  compile  some  of  the  actual  losses  reported 
in  quality  of  alfalfa  due  to  the  potato  leafhopper. 


Granovsky  (1928)  found  that  the  leaf hopper-infested  alfalfa 
had  a  noticeably  weakened  root  system,  thus  reducing  resistance  to 
winterkilling.     Johnson  (1936)  reported  yellowed  alfalfa  was  lower 
in  nitrogen  and  higher  in  carbohydrates  than  green,  hopper-free 
alfalfa.     He  also  found  a  loss  in  carotene  content  of  60  percent. 
Poos  and  Johnson  (1936)  found  protein  losses  of  10  percent  and  more, 
fat  content  reduction,  and  reduction  in  overwinter  survival. 
Johnson  (1938)  reported  high  populations  of  this  leafhopper  resulted 
in  higher  dry-matter  content,  higher  reducing  sugars  and  total 
sugars,  and  lower  total  nitrogen  content  in  the  infested  leaves  than 
in  normal  leaves,  but  a  completely  opposite  effect  occurred  in  the 
stems  of  infested  plants.     Therefore,  leaf  forage  is  more  severely 
affected  than  total  forage.     He  also  found  a  loss  of  68-1/2  percent 
of  the  total  carotene  content  in  infested  plants.     Poos  and  Seamans 
(1952)  listed  this  insect  as  the  most  destructive  of  the  more  than 
200  insect  species  attacking  alfalfa  in  the  Eastern  half  of  the 
United  States  and  in  Eastern  Canada.     Of  course,  he  was  reporting 
before  the  advent  of  the  Eastern  strain  of  the  alfalfa  weevil.  The 
potato  leafhopper  weakens  young  alfalfa  stands,  thinning  them  and 
permitting  weeds  to  take  over,  reduces  carotene  content  by  50  per- 
cent or  more,  reduces  protein  content  and  reduces  yield.     Medler  and 
Fisher  (1953)  reported  yield  losses  of  38  to  300  percent  as  compared 
to  yields  in  plots  wherein  the  leafhopper  was  controlled.     They  also 
found  protein  losses  up  to  20.3  percent  and  carotene  losses  up  to 
57.3  percent.     Wilson,  Davis  and  Williams  (1955)  found  that  heavy 
leafhopper  damage  not  only  increased  the  winter  mortality  of  the 
damaged  alfalfa,  but  was  followed  the  succeeding  spring  by  higher 
spittle  bug  populations  than  on  adjacent  fields  that  had  been 
treated  for  leafhopper  control  the  previous  season.     Smith  and 
Medler  (1959)  found  losses  in  chemical  content  and  feed  value  of 
alfalfa  damaged  by  this  insect  to  include  losses  in  percent  of  ash, 
calcium,  and  phosphorus. 


As  you  are  no  doubt  aware,  several  breeding  programs  have, 
as  one  of  the  major  goals,  the  incorporation  of  resistance  toward 
the  many  insect  and  disease  enemies.    Marked  success  has  been 
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realized  in  developing  lines  resistant  to  spotted  alfalfa  aphid. 
Resistance  to  the  pea  aphid,  at  least  to  the  biotype  of  the  pea 
aphid  indigent  in  the  area  of  development,  has  been  incorporated 
into  some  present-day  alfalfa  varieties,  and  the  selection  method 
for  resistance  to  that  insect  is  relatively  simple  and  straight- 
forward.    However,  resistance  to  the  potato  leaf hopper  has  been 
somewhat  slower  and  more  complicated.  \ 

Rather  striking  resistance  to  yellowing  or  hopperburn  has 
been  achieved,  but  heavy  infestations — especially  under  controlled 
conditions — has  resulted  in  rather  severe  stunting  of  the 
"resistant"  alfalfa.     The  recurrent  phenotypic  selection  program 
for  resistance  to  this  insect  has  resulted  in  plants  that  remain 
green  under  attack,  but  which  are  still  stunted  and  still  suffer 
quality  reduction  in  the  form  of  protein  and  carotene  losses. 
Because  of  the  slow  progress  experienced   (improvement  did  not 
occur  until  after  the  third  and  fifth  cycles) ,  Dudley,  Hill  and 
Hanson  (1963)  concluded  that  the  resistance  obtained  after  seven 
cycles  appeared  to  be  only  about  20  percent  heritable.  Schillinger, 
Elliot,  and  Ruppel  (1964)  used  leafhopper  progeny  tests  in  control- 
led growth  chambers  to  evaluate  the  degree  of  resistance  in  alfalfa 
clones.     They  concluded  that  present  selections  did  not  contain  a 
high  degree  of  resistance.     In  work  conducted  over  the  past  three 
years  I  must  agree  with  the  findings  of  Schillinger  e_t  _al.  ,  but  I 
might  add  some  conclusions  I  have  arrived  at  which  should  bring 
about  some  discussion. 

Resistance  in  alfalfa  to  the  potato  leafhopper  consists  of  at 
least  three  mechanisms — tolerance,  antibiosis,  and  nonpref erence .  I 
would  define  tolerance  as  resistance  to  hopperburn  while  supporting 
relatively  large  numbers  of  leafhoppers  which  still  cause  loss  in 
feed  quality  by  reducing  carotene  and  protein  content  of  the  plant. 
Antibiosis  is  a  mechanism  within  the  alfalfa  plant  that  reduces 
the  rate  of  development  of  the  leafhopper  and/or  the  size  of  the 
leafhopper  population  maintained  on  that  plant.     Nonpref erence  is 
the  selective  feeding  on,  and/or    oviposition  in,  different  host 
plants  by  the  leafhopper.     I  also  observed  another  kind  of  toler- 
ance wherein  the  alfalfa  clone  under  selection  resisted  hopperburn 
to  a  fair  degree,  supported  a  moderate  leafhopper  population,  but 
did  not  suffer  carotene  losses  comparable  to  other  clones  in  the 
study.     We  have,   then,  differing  amounts  of  initial  protein  and 
carotene  content  between  lines  of  alfalfa,  and  also  differing 
degrees  of  response  of  those  lines  in  the  form  of  feed  losses 
caused  by  a  given  number  of  leafhoppers  per  plant. 

Because  of  the  several  mechanisms  of  resistance  toward  the 
potato  leafhopper,   I  do  not  find  it  difficult  to  understand  why 
selection  for  resistance  is  slow  when  it  is  based  primarily  on  the 
phenotypic  aspect  alone.   In  every  cycle  of  selection  where  all 
plants  that  retain  a  satisfactory  green  color  are  combined  to  pro- 
duce the  progeny  for  the  next  cycle,  we  have  included  physical 
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escapes,  nonpref erred  host  plants,  and  plants  with  antibiosis. 
Therefore,  our  next  cycle  will  have  arisen  from  susceptible 
parentage  in  part.     It  quite  probably  will  also  arise  from  some 
plants  nonpreferred  as  food  sources  by  the  leafhopper  under  free 
choice,  but  plants  which  usually  are  completely  acceptable  under 
conditions  of  no  choice.     We  assure  the  conditions  in  our  every 
cycle  then,   that  we  will  have  a  material  that  will  support  some 
leaf hoppers,  and  usually  in  sufficient  numbers  to  stunt  the  plants 
as  well  as  reduce  levels  of  such  feed  quality  components  as  are 
susceptible  to  leafhopper  feeding  damage. 

In  work  with  susceptible  alfalfa  clones,  excellent  correla- 
tion is  found  between  numbers  of  leafhoppers  per  plant  and  feeding 
damage  scores.     High  negative  correlations  are  found  between  either 
of  those  two  factors  and  plant  weight,  carotene  content,  protein 
content  and  overwinter  survival.     However,   in  work  with  clones 
selected  for  resistance  to  yellowing,   the  above  correlations  are 
usually  much  lower  to  nonexistent.     I  believe  that  is  quite 
understandable . 

I  suggest  from  my  recent  work  that  greenhouse  or  controlled 
climate  chamber  studies  can  sort  out  and  identify  many  of  the 
mechanisms  present  in  the  reaction  of  alfalfa  clones  toward  the 
potato  leafhopper.     The  susceptible  "escape"  plants  and  the  plants 
exhibiting  nonpref erence  for  feeding  by  the  leafhopper  in  the 
field  will  show  high  leafhopper  progeny  production  and  will  usually 
suffer  severe  losses  of  carotene  content  under  test.     They  can  be 
separated.     The  nonyellowed  selections  that  support  markedly 
reduced  leafhopper  progeny  over  a  given  period  or  show  an  effect 
of  delaying  or  slowing  down  the  development  of  leafhoppers  during 
that  test  period  will  be  the  most  favorable  parent  lines  to  main- 
tain in  the  program.     Lines  that  do  not  suffer  severe  losses  in 
carotene  or  protein  content  regardless  of  hopper  populations 
supported  on  them  may  also  have  a  value  sufficient  to  suggest 
their  inclusion  in  a  separate  gene  pool. 

In  the  past  three  seasons  I  found  the  effects  of  feeding 
injury  to  alfalfa  by  the  potato  leafhopper  to  agree  very  well  with 
the  reports  in  the  literature.     I  found  carotene  losses  in  the 
field  of  up  to  41  percent.     I  found  that  caging  five  leafhoppers 
per  plant  for  seven  days  under  greenhouse  conditions  reduced  the 
carotene  content  of  the  same  clones  by  10.5  to  44.9  percent.  In 
work  in  the  greenhouse  with  two  susceptible  clones  I  found  that  5 
and  10  leafhoppers  feeding  on  rooted  cuttings  from  each  plant  for 
7  to  9  days  reduced  carotene  content  by  29  percent  for  the  5,  and, 
51  percent  for  the  10,   leafhoppers  respectively.     Field  data  on 
the  effect  of  leafhoppers  on  the  protein  content  of  selected  clones 
showed  losses  of  6.1  to  8.6  percent.     Overwinter  survival  of 
heavily  infested  clones  was  significantly  reduced.     A  most  inter- 
esting observation,  and  one  that  greatly  confounded  the  work,  was 
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that  leafhopper  feeding  injury  significantly  delayed  alfalfa  plant 
development.     Some  clones  were  delayed  in  developing  flowers  by  as 
much  as  10  to  12  days  as  compared  to  comparable  vegetative  propa- 
gules  of  the  same  clones  that  were  protected  by  weekly  sprays  of 
DDT. 

In  summary,  insects  do  cause  quite  measurable  losses  in  fee 
quality  of  alfalfa.     These  losses  can  best  be  minimized  by  the 
selection  for  and  inclusion  of  resistance  toward  those  insects  in 
alfalfa.     Chemical  control  is  not  generally  practiced  in  alfalfa 
forage  crops  because  of  many  factors,  including  cost,  residue 
hazards,  and  lack  of  understanding  of  actual  losses  due  to  insects 
I  have  suggested  some  methods  I  believe  will  improve  selection  for 
resistance  to  potato  leafhopper,  which  will  result  in  more  rapid 
progress  in  obtaining  the  resistance  than  has  been  experienced  to 
date.     Perhaps  the  actual  heritability  is  much  higher  than 
previously  thought,  when  the  various  factors  affecting  resistance 
are  treated  separately.     Resistance  to  the  pea  aphid  and  spotted 
alfalfa  aphid  is  quite  effective  and  relatively  easy  to  obtain. 
Resistance  to  the  Lygus  bug  complex  has  been  sought  and  may  be 
aided  by  aphid  and  mealybug  reduction  through  resistance  to  those 
insects.     Spittle  bug  losses  may  also  be  lessened  through  selec- 
tion for  resistance  both  toward  it  and  toward  the  potato  leafhopper 
even  though  genetic  relationship  has  not  been  shown  for  resistance 
in  alfalfa  toward  those  two  insects. 

We  are  making  good  progress  in  many  areas  of  alfalfa  forage 
research,  and  I  am  sure  that  this  trend  will  continue.     Each  year 
more  managers  of  forage  crops  become  more  quality  conscious.  Our 
struggle  in  the  seed  industry  is  rapidly  becoming  one  of  keeping 
up  with  the  new  demands,  rather  than  one  of  having  to  go  out  and 
sell  something  we  had  developed,  but  which  the  customer  was  not 
fully  aware  that  it  would  fill  any  need  on  his  part. 
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EFFECT  OF  DISEASE  RESISTANCE  ON  YIELD  AND  QUALITY  OF  ALFALFA 

E.  L.  Sorensen 
Crops  Research  Division,  Agricultural  Research  Service 
U.  S.  Department  of  Agriculture,  Manhattan,  Kansas 

Alfalfa  is  subject  to  an  array  of  leaf  and  stem  diseases 
and  the  development  of  varieties  that  resist,  tolerate,  or  escape 
the  attack  of  the  pathogenic  organisms  has  been  a  prominent  phase 
of  breeding  programs.     However,  quantitative  data  regarding  the 
reduction  of  yield  and  of  nutritive  values  by  diseases  and  the 
effect  of  resistance  on  quality  are  limited.     This  report  is  a 
brief  summary  of  preliminary  data  obtained  at  Kansas  State 
University. 

Diseases  due  to  fungi.     Several  fungus  pathogens  cause  leaf 
spots,  defoliation,  and  stem  blackening  of  alfalfa  in  Kansas  during 
the  growing  season.     During  cool  weather  in  spring  and  fall, 
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Ascochy ta  imperfecta  Pk.   causes  brown  lesions  on  leaves  and  black- 
ening of  steins  called  spring  black  stem.     Also  at  cool  temperatures, 
Leptosphaerulina  briosiana  (Poll.)  Graham  et  Luttrel  causes  lesions 
primarily  on  young  leaves.     This  organism  builds  up  quickly  causing 
defoliation.     At  high  temperatures  Cercospora  zebrina  Pass,   is  the 
principal  pathogen.     It  causes  gray-brown  leaf  lesions  and  stem 
blackening . 

W.  G,  Willis,  D.  L.   Stuteville,  and  E.  L.   Sorensen  (Phyto- 
pathology 56_:   906,   1966)  controlled  alfalfa  leaf  ^nd  stem  diseases 
in  irrigated  field  plots  in  Kansas  during  1965  by  spraying  weekly 
with  Dithane  M45.     In  the  untreated  plots,  A.  imperfecta  and  I,. 
briosiana  were  the  major  pathogens  in  the  first  and  second  cuttings 
with  A.   imperfecta  predominating  in  the  first.     C_.   zebrina  was  the 
principal  pathogen  in  the  third  and  fourth  cuttings.     The  forage 
was  harvested  at  about  the  1/10  bloom  stage. 

The  effect  of  varietal  resistance  in  reducing  damage  is  a 
conspicuous  result.     Percentage  increases  in  annual  yield  for 
individual  varieties  due  to  spraying  were:     Cody  8.8,  Lahontan  21.1, 
Ranger  19.4,  and  Vernal  26.9   (table  1).     In  the  first  cutting, 
Ranger  responded  most  and  Cody  least  to  the  control  of  A.   imp,erf ecta 
and  L.  briosiana,  primarily  A.   imperfecta ,  with  yield  increases  of 
22.0  and  2.5  percent,  respectively .     Of  the  three  major  pathogens, 
C_.   zebrina  caused  the  greatest  reduction  in  yield  to  all  four 
varieties.     Control  of  this  pathogen  increased  yields  of  Cody  16, 
Ranger  29,  Lahontan  30,  and  Vernal  38  percent. 

The  carotene  content   (determined  only  for  the  third  cutting) 
of  forage  of  the  four  varieties  increased  an  average  of  4.68 
mg./lOO  g.    (21.4  percent)   from  control  of  C^.   zebrina  (table  2).  The 
carotene  content  of  the  sprayed  was  higher  than  that  of  the  unspray- 
ed  forage  for  each  of  the  varieties   (10,  17,   20,  and  45  percent  for 
Vernal,  Cody,  Ranger,  and  Lahontan,  respectively). 

Protein  analyses  were  made  on  forage  from  the  first,  third, 
and  fourth  cuttings   (table  3).     Protein-content  differences  between 
sprayed  and  unsprayed  forage  were  small  and  nonsignificant  for  each 
of  the  varieties  for  all  three  cuttings.     However,  when  expressed 
as  an  average  of  varieties  for  the  third  cut  the  difference  was 
significant  and  in  favor  of  the  sprayed  forage. 

The  total  yield  of  protein  per  acre  was  higher  for  the 
sprayed  than  unsprayed  plots  for  all  varieties  and  cuttings.  The 
average  percent  increases  due  to  control  of  the  A.   imperfecta ,  L_. 
briosiana  combination  and  _C.   zebrina ,  respectively,  were  as 
follows:     Cody  (8.2,  14.6),  Lahontan  (18.4,  28.6),  Ranger  (18.2, 
20.0),  and  Vernal  (22.4,  27.6). 
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Table  1. — Effects  of  naturally  occurring  leaf  and  stem  diseases 
 on  the  forage  yield  of  four  alfalfa  varieties  

Cutting  Un-  Major 

(date)       Variety     Sprayed"*"    sprayed     Increase       Increase  pathogens 

Yield  in  tons /hectare"^  % 


1st 

Cody 

6. 

50 

6. 

34 

.  16 

2. 

5 

A. 

imperfecta 

L  id  y 

6 . 

23 

5 , 

51 

.72*  * 

1  3 

J-  ^  • 

1 

L . 

U  L  XO-LdLICt 

P  o-p  cr  p  y 
i\  ci  1  i     C-  L 

6 . 

59 

5 . 

40 

1 

.  19** 

22 . 

0 

\If^  "TD  ^  1 
V  C  L  i  id  J. 

04 

4 . 

37 

.  67** 

15 . 

3 

A  \  T(^  T"  a  0  P 
rl  V  t.  L  dgc- 

6 . 

09 

41 

.  68** 

12 . 

6 

2nd 

Cody 

4. 

23 

4. 

01 

.22 

5. 

5 

A. 

imperfecta 

J  un  6 

IQ    T  ;iVinnt";^n 

4. 

12 

3. 

56 

.  56** 

15 . 

7 

L . 

u  L  XUiDXdllci 

Rsn  IT 

™^  • 

88 

• 

40 

.48** 

14. 

1 

V  C  L  1 1  d  X 

2 , 

^  5  5  *  * 

?5 

Q 

A\7P  T",?!  P 

^  • 

85 

3 . 

37 

.  48** 

14. 

2 

3rd 

Cody 

A. 

28 

3. 

83 

.45** 

11. 

7 

C . 

zebrina 

July 

22  Lahontan 

4. 

86 

4. 

01 

.  85** 

21. 

2 

Ranger 

4. 

44 

3. 

81 

.  63** 

16. 

5 

Vernal 

3. 

38 

2. 

37 

1 

.01** 

42. 

6 

Average 

4. 

24 

3. 

51 

.  73** 

20. 

8 

4th 

Cody 

4. 

41 

3. 

67 

.  7  4** 

20. 

2 

C. 

zebrina 

Aug. 

27  Lahontan 

4. 

70 

3. 

36 

1 

.  34** 

40. 

0 

Ranger 

4. 

23 

3. 

40 

.83** 

24. 

4 

Vernal 

3. 

09 

2. 

31 

.78** 

33. 

8 

Average 

4. 

11 

3. 

19 

.92** 

28. 

8 

Total  Cody 

19. 

42 

17. 

85 

1.57 

8. 

8 

4  cut-  Lahontan 

19. 

91 

16. 

44 

3.47 

21. 

1 

tings  Ranger 

19. 

13 

16. 

02 

3.11 

19. 

4 

Ve rnal 

14. 

67 

11. 

56 

3.11 

26. 

9 

Average 

18. 

28 

15. 

47 

2.81 

18. 

2 

Sprayed  weekly  with  Dithane  M45.     +  Average  of  six  replications. 
Significant  at  the  1%  level.     LSD's  between  treatments  for  the 
same  variety  or  varieties  in  the  same  treatment: 

 Cutting  

1st  2nd  3rd  4th 

LSD    0.01  0.38  0.34  0.40  0.47 

LSD     0.05  0.27  0.25  0.29  0.34 
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Table  2. — Effects  of  Cercospora  disease  on  carotene  content 
of  the  third  cutting  of  hay  from  four  alfalfa  varieties 


Variety  Sprayed  Unsprayed  Increase  Increase 

Mg.   carotene  per  100  g.   forage"  % 

Cody  27.64  23.65  3.99*  16.9 

Lahontan  25.81  17.85  7.96**  44.6 

Ranger  26.52  22.08  4.44*  20.1 

Vernal  26.18  23.85  \        2.33  9.8 

Average  26.54  21.85  ■       4.68**  21.4 


Average  of  six  replications.         Significant  at  the  5  percent 
level.  Significant  at  the  1  percent  level.     LSD  0.05  = 

3.6,  LSD  0.01  =  5.3  between  varieties  in  the  same  treatment  or 
between  treatments  for  the  same  variety. 


Table  3. — Effects  of  naturally  occurring  leaf  and  stem  diseases 
 on  protein  content  of  hay  from  four  alfalfa  varieties  


Cutting 


Protein 


Sprayed' 


Unsprayed 


Difference. 


Kg/ha 

Kg 

;/ha 

% 

Kg, 

/ha 

1st 

Cody 

17, 

,44 

0. 

57 

17. 

48 

0. 

55 

-0. 

,04 

+0 

.02 

May  20 

Lahontan 

17, 

,90 

0. 

56 

17. 

31 

0. 

48 

+0. 

.59 

+0 

.08 

Ranger 

17, 

,89 

0. 

59 

17. 

98 

0. 

48 

-0. 

,09 

+0 

.11 

Vernal 

17, 

.61 

0. 

45 

17. 

52 

0. 

38 

+0. 

,09 

+0 

.07 

Avera^ 

17, 

,  71 

0. 

54 

17. 

57 

0. 

47 

+0. 

,14 

+0 

.07 

3rd 

Cody 

17, 

.86 

0. 

38 

16. 

83 

0. 

32 

+1, 

,03 

+0 

.06 

Julv  22 

Lahontan 

16, 

.89 

0. 

41 

15. 

75 

0. 

31 

+1. 

,14 

+0 

.10 

Ranger 

16, 

.77 

0. 

37 

16. 

88 

0. 

32 

-0. 

,11 

+0 

.05 

Vernal 

18, 

.19 

0. 

30 

17. 

04 

0. 

20 

+1. 

,15 

+0 

.10 

Avera^ 

17, 

.43 

0. 

37 

16. 

63 

0. 

29 

+0. 

,80** 

+0 

.08 

4  th 

Cody 

20, 

.73 

0. 

46 

21. 

21 

0. 

39 

-0. 

,48 

+0 

.07 

Aug.  27 

Lahontan 

19, 

.87 

0. 

47 

19. 

71 

0. 

34 

+0, 

,16 

+0 

.13 

Ranger 

20, 

.96 

0. 

45 

20. 

98 

0. 

36 

-0, 

,02 

+0 

.09 

Vernal 

21, 

.08 

0. 

32 

20. 

79 

0. 

24 

+0. 

,29 

+0 

.08 

Avera^ 

20, 

.  66 

0. 

43 

20. 

67 

0. 

32 

-0. 

,01 

+0 

.11 

Average 

Cody 

18, 

.68 

0. 

47 

18. 

51 

0. 

43 

+0. 

,17 

+0 

.04 

Lahontan 

18, 

.22 

0. 

48 

17. 

59 

0. 

38 

+0. 

,63 

+0 

.10 

Ranger 

18, 

.54 

0. 

47 

18. 

61 

0. 

39 

-0. 

,07 

+0 

.08 

Vernal 

18, 

.  96 

0. 

36 

18. 

45 

0. 

27 

+0. 

,51 

+0 

.09 

Average 

18, 

.60 

0. 

45 

18. 

29 

0. 

37 

+0. 

,31 

+0 

.08 

t  Protein  calculated  as  nitrogen  percent  x  6.25.       Sprayed  weekly 
with  Dithane  M45  at  1.36  kg./378.53  liter/water.     Average  of 
six  replications.       "  Significant  at  the  1  percent  level. 
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Bacterial  leaf  spot.     Bacterial  leaf  spot  incited  by 
Xanthomonas  alfalfae  (Riker,  Jones,  and  Davis)  Dows  is  character- 
ized by  postemergence  damping-off,  marked  stunting  of  seedlings, 
spotting  and  blighting  of  leaves  and  stems,  defoliation,  and  in 
severe  cases  death  of  mature  alfalfa  plants. 

We  recently  inoculated  both  resistant  and  susceptible 
clones  at  the  early  bud  stage  with  X.  alfalfae  and  harvested  the 
forage  15  days  later.     Uninoculated  plants  were  maintained  under 
the  same  conditions.     The  results  clearly  indicate  the  value  of 
resistance.     Differences  between  the  average  carotene  content  of 
healthy  and  infected  forage  were  17.9  and  55.0  percent  for 
resistant  and  susceptible  clones,  respectively.  Corresponding 
percentages  for  protein  were  9.1  and  18.8  (table  4). 


Table  4. — Effect  of  bacterial  leaf  spot  on  carotene  and  protein 

contents  of  healthy  and  infected  plant  material  from 
 resistant  and  susceptible  alfalfa  clones  

Protein  content^  Carotene  content 


Dry-  Decrease  in           Of                  Decrease  in 

weight  infected             plant  infected 

Plant  source  basis  plants  material  plants 

%  %                   Mg./IOQ  g.  % 

Resistant  clone 
(22-54) 

Healthy                  21.90  29.47 

Infected                19.90  9.13                34.19  17.92 

Susceptible  clone 
(22-102) 

Healthy                  23.66  42.08 

Infected                19.22  18.77                18.95  54.97 

+  Protein  calculated  as  nitrogen  percent  x  6.25. 


Using  the  same  clones,  M.  N.  Reddy  (Ph.D.  Thesis,  Kansas 
State  Univ.,  1968)  observed  that  the  total  sugar  content  of  forage 
from  infected  susceptible  and  resistant  plants  was  88  and  55.0 
percent  lower,  respectively,  than  that  from  corresponding  healthy 
plants  (table  5) .     Qualitative  determination  of  sugars  with  paper 
chromatography  indicated  that  healthy  and  infected  plants  of 
resistant  and  susceptible  clones  all  contained  the  same  sugars. 

The  reduction  of  sugars  was  probably  due  indirectly  to  the 
reduction  of  chlorophylls  in  infected  plants.     Upon  infection,  a 
number  of  xanthomonads  cause  chlorosis,  suggesting  a  direct  effect 
on  chloroplasts .     Chlorophyll  a,  chlorophyll  b,  and  total 
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chlorophylls  decreased  with  the  infection  in  susceptible  as  well  as 
in  resistant  plants.     As  a  result  of  infection,  the  total  chloro- 
phyll of  resistant  and  susceptible  forage  was  reduced  35.6  and  57.4 
percent,  respectively. 


FIELD  MANAGEMENT  FOR  DEHYDRATION  AND  HAY  PRODUCTION 

2  3 
R.  L.  Ogden    and  W.  R.  Kehr 


Alfalfa  field  management  principles  needed  to  produce  good 
quality  and  yields  were  developed  many  years  ago.     Sanborn  in  1894 
reported  that  early  cuttings  were  more  nutritious  than  late  alfalfa 
cuttings,  and  two  late  cuttings  gave  as  large  a  dry-matter  yield  as 
three  early  cuttings. 

Principal  considerations  in  deciding  time  of  cutting  include 
content  of  specific  chemical  constituents,  yield  of  chemical 
constituents  and  dry  matter,  digestibility  and  total  digestible 
nutrients,  and  stand  persistence.     Older  work,  mainly  concerned 
with  the  effects  of  stage  of  maturity  on  yield  and  quality,  was 
conducted  on  small  plots.     Our  newer  work  is  concerned  with  har- 
vesting and  processing  alfalfa  to  produce  products  of  specified 
quality.     Large  plots  were  harvested  and  processed  with  commercial 
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dehydration  equipment.  Management  practices  which  produce  the 
most  valuable  products  with  the  least  cost  in  added  processing 
and  capital  investment  are  of  primary  concern. 

Literature  review.     The  recent  review  by  Hanson  et_  _al^.  (1965) 
showed  that  total-season  dry-matter  yields  increased  with  forage 
maturity;  protein  content  decreased  while  fiber  content  increased 
with  maturity;  and  that  digestibility  and  content  of  digestible 
nutrients  decreased  with  maturity.     It  was  generally  concluded  that  ' 
harvesting  at  the  1/10  bloom  stage  was  the  best  compromise  for 
acceptable  yield,  good  quality,  and  stand  persistence.     The  review 
also  pointed  out  that  the  proportion  of  leaves  and  stems  was  cited  ' 
often  as  the  principal  factor  in  quality.     Frequent  cutting, 
particularly  at  early  stages  of  maturity,  was  reported  as  an  im- 
portant factor  in  the  decline  of  yields  and  stands. 

The  Hanson  ejt  aJ.    (1965)  study  contributed  significant  new 
information  on  the  content  of  coumestrol,  an  estrogenic  compound.  ; 
Coumestrol  content  usually  increased  with  successive  stages  of  | 
growth  and  reached  a  maximum  25  days  after  full  bloom.     Over  stages 
of  growth,   coumestrol  content  was  negatively  correlated  with  pro- 
tein and  positively  correlated  with  crude  fiber  content. 
Coumestrol  content  was  positively  correlated  with  defoliation 
score  and  increased  with  infection  with  foliar  diseases.  | 

The  most  recent  Midwest  trend  in  alfalfa  management  to 
maximize  yield  and  quality  is  to  make  the  first  cutting  in  the 
bud  stage,  subsequent  cuttings  at  30-35  day  intervals   (at  about 
the  1/lOth  bloom  stage)  up  to  early  September,  and  the  last  cutting  ■ 
at  or  immediately  after  the  first  killing  frost.     This  system  \ 
closely  parallels  the  system  used  by  dehydrators,  namely,  making  | 
the  first  cutting  at  about  10-12  inches  high,  subsequent  cuttings 
at  30-35  day  intervals,  and  the  last  cutting  at  frost.  The 
development  and  use  of  winter-hardy  bacterial-wilt-resistant  \ 
varieties  in  the  northern  areas  of  the  Midwest  has  permitted  add-  ] 
ing  at  least  one  cutting  per  year  over  use  of  older  varieties.  | 

The  relationship  between  stubble  height  and  yield  of  alfalfa  | 
appears  to  vary  with  cutting  frequency  and  environment.     Kust  and  j 
Smith  (1961)  found,   in  2  years  of  cutting,  that  alfalfa  produced  | 
higher  hay  yields  with  a  3-inch  than  a  1-inch  stubble  when  cutting 
was  frequent   (5  and  6  times)  but  not  when  cut  3  or  4  times.  Pro- 
tein yields  were  not  affected  greatly  by  height  of  cutting.  In 
other  Wisconsin  work.  Smith  and  Nelson  (1967)  cut  alfalfa  3,  4,  5, 
or  6  times  before  early  September,   leaving  a  stubble  of  1,  3,  or  6 
inches.     Yields  of  forage  and  protein  decreased  as  cutting  fre- 
quencies increased.     Averaged  over  all  cutting  frequencies,  forage 
yields  decreased  as  stubble  height  increased.     Averaged  over  all  ; 
cutting  frequencies,  protein  yields  decreased  as  stubble  height 
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increased  the  first  year,  but  were  similar  for  all  stubble  heights 
the  second  year.     A  tall  stubble  was  needed  only  under  the  most 
frequent  cutting  schedule.     In  a  Nebraska  study,  Van  Riper  and 
Owen  (1964)  found  that  forage  and  protein  yields  of  alfalfa  were 
higher  from  cutting  at  a  2-inch  than  a  5-inch  stubble  for  a  2-year 
period  in  a  3-(^ut  system.     Protein  contents  were  higher  for  the 
5-inch  than  the  2-inch  stubble.     Most  recently,  Robison  and 
Massengale  (1968)  found  in  an  Arizona  study  that  the  decline  in 
forage  yields  and  plant  density  over  years  was  less  when  plants 
were  cut  at  a  4-inch  than  a  1-inch  stubble.     Their  work  also 
showed  that  cutting  alfalfa  at  the  50  percent  bud  stage  resulted 
in  a  greater  decline  of  forage  yields  and  plant  density  than  cut- 
ting at  the  25  percent  bloom  stage.     No  reports  were  found  in 
which  large  plots  were  cut  with  commercial  equipment. 

Stage  of  maturity  management  systems.     In  1965,  at  the 
Ninth  Technical  Alfalfa  Conference,  a  progress  report  was  made  on 
a  study  in  which  large  plots  were  commercially  harvested  and  dehy- 
drated.    The  study  was  initiated  in  1964  and  completed  in  1967. 

Five  commercial  management  systems  were  imposed  on  a  1963 
seeding  of  the  variety  Cody.     Each  system  was  replicated  six  times. 
Plot  size  was  one  acre.     All  plots  were  cut  to  about  a  3-inch 
stubble  height.     In  one  system  the  first  cutting  was  made  at  the 
10-inch  stage,  followed  by  cuttings  at  1/10  bloom.     In  another 
system,   the  first  cutting  was  made  at  full  bloom,  followed  by  cut- 
tings at  1/10  bloom.     The  other  three  systems  were  cut  always  at 
one  stage  of  maturity,   i.e.,  bud,  1/10  bloom,  or  full  bloom. 
Stages  of  maturity  were  determined  by  counting  the  number  of  stems 
showing  bud  or  flower  color  from  randomly  drawn  samples  from  the 
plots.     Bud  stage  was  when  50  percent  of  the  stems  showed  buds; 
1/10  bloom  when  10  percent  of  the  stems  showed  flower  color,  and 
full  bloom  when  50  percent  of  the  stems  showed  flower  color.  No 
cuttings  were  made  from  mid-September  until  the  final  cuttings  at 
killing  frost,  about  mid-October.     Weather  conditions  and  dehydra- 
tion plant  operations  altered  planned  cutting  dates  to  some  extent. 
Although  provisions  were  made  to  study  effects  of  insect  control 
on  the  various  management  systems,  insect  populations  were  never 
high  enough  to  be  economically  important.     In  the  accompanying 
tables,  all  data  are  reported  on  a  dry  weight  basis. 

Dry  matter,  protein,  carotene,  and  fiber  contents  were 
determined  by  methods  of  the  American  Association  of  Official 
Agricultural  Chemists  (1960).     Coumestrol  was  determined  by  the 
method  of  Livingston  e_t  al_.   (1961).     Dry  matter  disappearance  was 
measured  by  an  artificial  rumen  system  similar  to  that  of 
Baumgardt  et  al.   (1962).     Comparative  nitrate  content  was  deter- 
mined by  a  modification  of  the  procedures  of  Davidson  and  Stroud 
and  Whitehead,  as  reported  by  Hill  et_  al.    (1959).     These  analytical 
procedures  were  used  for  all  studies  reported  in  this  paper. 
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Statistical  analyses  of  the  3-years'  data  show  that  signi- 
ficant differences  in  content  and  yield  due  to  management  systems 
were  obtained  for  all  measured  characters   (except  for  nitrate 
content  and  yield  in  1965,  and  percent  stand  in  1966)  each  year 
and  for  the  3-year  average   (table  1) .     Table  2  shows  the  3-year 
averages,   coefficients  of  variability,   and  LSD  values.     Some  of 
the  interesting  observations  from  table  2  are: 

1.  The  average  annual  dry-matter  yield  from  cutting  when  10  inches 
high  in  the  first  cutting,  and  at  1/10  bloom  in  other  cuttings, 
was  significantly  lower  than  that  of  all  other ' systems .  The 
average  annual  dry-matter  yield  from  cutting  always  at  1/10 
bloom  was  not  significantly  different  from  that  when  cutting 
always  at  full  bloom.,  but  yields  from  both  systems  were 
significantly  higher,  at  the  5  percent  level,   than  that  of 
cutting  always  at  the  bud  stage. 

2.  The  protein  contents  of  all  systems  differed  from  each  other  at 
the  5  percent  level.     Highest  protein  contents  were  obtained 
from  cutting  at  the  bud  stage  or  cutting  at  10  inches  high  in 
the  first  cut,   followed  by  other  cuttings  at  1/10  bloom. 

3.  Average  carotene  contents  of  systems  involving  full-bloom 
alfalfa  were  significantly  lower  at  the  1  percent  level  than 
that  of  all  other  systems.     Average  carotene  contents  of  all 
systems  not  involving  full-bloom  alfalfa  were  not  significantly 
different.  ^  _ 

4.  The  protein  and  carotene  yields  from  cutting  always  at  full 
bloom  were  significantly  less  than  all  other  systems  at  the 

1  percent  level.     Maximum  yields  of  protein  and  carotene  were 
obtained  from  cutting  always  at  1/10  bloom.     However,  yields 
of  protein  and  carotene  obtained  from  always  cutting  at  1/10 
bloom  or  at  bud  were  not  significantly  different. 

5.  Fiber  content  increased  with  maturity.  Dry-matter-disappearanct 
content  decreased  with  maturity.     The  lowest  fiber  and  highest 
dry-matter  disappearance  were  obtained  from  cutting  at  the  bud 
stage  and  at  10  inches  in  the  first  cut  followed  by  other 
cuttings  at  1/10  bloom. 

6.  Fiber  yield  increased  with  maturity.     All  differences  betx-jeen 
systems  were  significant  at  the  5  percent  level. 

7.  The  dry-matter-disappearance  yield  from  harvesting  always  at 
1/10  bloom  was  significantly  higher  than  all  systems  except 
always  harvesting  at  the  bud  stage. 

8.  Coumestrol  contents  and  yields  differed  significantly  among 
systems.     Coumestrol  contents  and  yields  increased  with  matur- 
ity.    Harvesting  at  10  inches  in  the  first  cutting  followed  by 
other  cuttings  at  1/10  bloom  caused  an  increase  above  that  of 
always  harvesting  at  1/10  bloom. 


9.     Some  significant  differences  in  nitrate  content  and  yield,  due 
to  systems,  were  found.     Levels  of  nitrate  content  did  not 
approach  that  necessary  for  nutritional  significance. 

10.     Stands  declined  with  all  systems.     Stands  were  not  signifi- 
cantly different  among  systems.     Weed  count  was  not  determined. 
Cutting  before  1/10  bloom  visibly  increased  weed  infestation. 

Table  1. — Significant  F  values  due  to  stage  of  maturity  management 
systems  for  the  total  season  annual  and  three-year  average 


chemical  contents  and  production.     Experiment  M-IV,  1964-1966 
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"  Significant  at  the  5  percent  level;         significant  at  the  1  per 
cent  level;  NS  =  nonsignificant;  --  =  complete  data  not  available 

2 

DMD  =  Dry  matter  disappearance. 

In  general,  high  quality  as  measured  by  protein,  carotene, 
dry  matter  disappearance  and  fiber  contents  was  obtained  at  the 
expense  of  reduced  yield  per  cutting  and  added  costs  of  harvesting 
and  processing,  due  to  the  increased  number  of  cuttings  per  year. 

A  weakening  of  the  plant  by  cutting  at  a  height  of  10  inches 
in  the  first  cutting  was  evident.     The  average  time  to  1/10  bloom 
in  the  second  cutting  after  harvesting  at  the  10-inch  stage  in  the 
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first  cutting  was  43  days,   compared  to  28  days  after  harvesting  at 
1/10  or  full  bloom  in  the  first  cutting. 

The  residual  effect  of  the  3~year  study  of  management  systems 
was  measured  in  two  cuttings  in  1967.     All  plots  were  harvested  on 
the  same  date  in  both  cuttings.     Spring  growth  in  1967  was  retarded 
because  of  limited  moisture.     The  first  cutting  was  made  on  May  25. 
The  field  was  quite  variable  in  height,  10  to  15  inches,  and 
maturity,  which  ranged  from  full  bud  to  1/10  bloom.     No  differences 
in  maturity  due  to  previous  management  were  found.     Rainfall  from 
May  27  through  June  27  was  more  than  13  inches,  ample  for  the 
second  cutting.     The  second  cutting,  which  was  made  at  nearly  full 
bloom  on  July  8,  was  delayed  because  of  wet  field  conditions.  No 
differences  in  stage  of  maturity  due  to  previous  management  systems 
were  found.     No  significant  differences  in  content  or  yield  for  any 
constituent,  due  to  the  previous  3-year  management  system,  were 
found . 

Multicutting  management  systems.     Multicutting  is  a 
harvesting  procedure  in  which  the  top  half  of  the  alfalfa  plant  is 
harvested  separately  from  the  bottom  half.     Multicutting  is 
accomplished  by  cutting  the  field  twice.     The  first  time  the  cut- 
ting bar  of  the  harvester  is  raised  so  that  only  the  top  half  of 
the  forage  is  harvested.     The  bottom  half  is  harvested  on  the 
same  day  as  the  top  half  by  cutting  to  the  ground. 

Multicutting  studies  began  in  1961  when  alfalfa,   36  inches 
tall,  was  cut  into  6-inch  segments  by  hand.     The  total  dry  matter 
from  each  segment  was  about  the  same,  while  the  protein  and  carotene 
contents  progressively  increased  and  the  fiber  content  decreased 
from  the  bottom  to  the  top  segments.     The  top  half  contained  62 
percent  of  the  protein,  85  percent  of  the  carotene  and  39  percent 
of  the  fiber  found  in  the  whole  plant.     Similar  results  were  obtain- 
ed in  other  cuttings.     Protein  contents  of  the  top  half  varied  from 
22  percent  at  full  bloom  to  25  percent  at  the  bud  stage.  Carotene 
contents  ranged  from  115  to  155  mg .  per  pound.     A  field  harvester 
separation  was  made  in  1963.     In  this  experiment,   the  top  half  of 
the  plant  contained  64  percent  of  the  dry  matter,   70  percent  of 
the  protein  and  74  percent  of  the  carotene. 

A  series  of  multicutting  field  experiments  was  started  in 
1964  because  alfalfa  at  the  full  bloom  or  later  stage  of  maturity 
presents  a  quality  problem.     This  problem  commonly  occurs  in  the 
late  first  cutting  and  may  occur  any  time  in  the  growing  season 
after  prolonged  wet  weather.     Three  different  fields  of  alfalfa 
were  used  in  this  study.     Limited  subsoil  moisture,  due  in  part 
to  the  continuous  alfalfa  cropping  in  the  area  during  the  past 
20  years,  prevented  continuance  of  the  studies  started  in  1964 
and  1966. 
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One-acre  plots  for  standard  cutting  and  2-acre  plots  for 
multiple  cutting  were  replicated  3  times.     Commercial  harvesting 
and  dehydrating  equipment  were  used.    In  this  experiment,  one 
system  consisted  of  cutting  to  the  ground   (standard  cutting). 
The  other  system  was  multicutting .     All  of  the  multicutting 
studies  were  made  on  first-cutting  alfalfa  at  the  full  bloom  or 
a  later  stage  of  maturity.     Some  lodging  was  encountered,  which 
reduced  effective  separation  of  components  to  some  extent.  Other 
cuttings  during  the  year  were  made  by  cutting  to  the  ground  at 
full  bloom  in  1964  and  1965  and  at  1/10  bloom  in  19'66  and  1967. 
Dry-matter  yields  and  protein,  carotene  and     fiber  contents  and 
yields  were  determined  on  each  replicate.     Dry  matter  disappear- 
ance and  coumestrol  were  determined  on  samples  bulked  over 
replications. 


Table  3. — Significant  F 

values  due 

to  multicut  manaf 

^ement 

systems  for 

the 

annual  and  two- 

year  avera 

ge  chemical 

contents 

and 

production  for 

the  first 

cutting , 

Experiments 

CO(M-III) 

2  years , 

DC  and  DK, 

1964-1967^ 

Constituent 

1964 

1965 

1966 

1967 

1964-65 

average 

Dry  matter  yield 

kk 

kk 

kk 

Protein  content 

■k* 

Protein  yield 

*k 

kk 

kk 

Carotene  content 

*k 

** 

k  k 

Carotene  yield 

A* 

■kk- 

** 

k  k 

Fiber  content 

Fiber  yield 

"  Significant  at  the  5  percent  level;  significant  at  the  1  per- 
cent level;  NS  -  nonsignificant;  —  complete  data  not  available. 


Statistical  analyses  of  the  first-cutting  data  showed  that 
differences  in  dry-matter  yield  and  in  protein,   carotene,  and  fiber 
contents  and  yields  due  to  management  system  were  significant  at 
the  1  percent  level  for  each  year  and  for  the  1964-65  average 
(table  3).     Two-year   (1964-65)  averages  are  given  in  table  4. 
four-year  averages  are  given  in  table  5.     These  tables  show  that 
multicutting  effectively  separated  alfalfa  into  two  fractions  of 
different  quality.     The  loss  in  dry-matter  yield  by  multicutting 
was  primarily  of  the  stem  fraction.     The  relative  loss  of  total 
dry  matter  for  the  4-year  average  (table  5)  was  11  percent.  The 
relative  losses  in  yield  of  protein,   carotene  and  dry  matter 
disappearance   (constituents  associated  primarily  with  the  leafy 
portion  of  the  plant),  were  6,   2,  and  9  percent,  respectively. 
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The  relative  losses  in  yield  of  fiber  and  coumestrol  (associated 
with  stem)  were  18  and  19  percent,  respectively. 

Table  4. — Two-year  average  chemical  contents  and  production  of 
the  first  cutting  for  multicut  management  Hvstems. 


Experiments  CO (M 

-III) 

2  years,  1964 

-1965 

Management 

system 

1 

CV 

LSD 

Constituent 

A 

B 

c 

D 

% 

0 .05  0 

.  01 

Dry  matter  yield,  lb. /A 

3807 

1929 

1242 

3172 

8. 

6 

310 

470 

Protein  content,  % 

18.0 

22.1 

14.1 

19.0 

2. 

0.7 

1.0 

Protein  yield,   lb. /A 

684 

423 

179 

604 

7. 

8 

53 

80 

Carotene  content,  mg./lb. 

50 

78 

30 

60 

2. 

5 

2 

3 

Carotene  yield,  g./A 

192 

155 

37 

192 

9. 

8 

20 

31 

Fiber  content,  % 

35.  7 

27.4 

42.8 

33.5 

1. 

2 

0.6 

1.0 

Fiber  yield,  lb . /A 

1363 

53S 

525 

1064 

9. 

9 

122 

187 

2 

DMD     content,  % 

62.0 

68.2 

56.5 

65.4 

1/ 

— 

— 

DMD     yield,   lb . /A 

2556 

1719 

451 

2170 

Coumestrol  content,  ppm. 

148 

121 

150 

132 

Coumestrol  yield,   lb. /A 

.562 

.234 

.186 

.420 

A  =  Cut  to  the  ground  at  FB+ 

in  the 

f  irst 

cutting 

y 

B 

=  Top 

half 

of  forage  harvested  on 

the  same  day 

as  A. 

C  =  Bottom 

half  o 

f 

forage  harvested  on  the 

sam.e 

day  as 

A.  D 

=  Computed 

totals 

or 

2  averages  of  B  +  C. 

^  DMD  =  Dry  matter  disappearance,   1965  data  only. 
Complete  data  not  available. 

From  about  50  percent  of  the  total  dry  matter  recovered  in 
the  top  half  of  the  plant,  about  64,   77,  and  60  percent  of  the 
total  protein,  carotene  and  dry  matter  disappearance  were  obtained. 
Only  39  and  35  percent  of  the  fiber  and  coumestrol,  respectively, 
were  recovered  in  the  top  half.     The  protein,  carotene  and  dry- 
matter-disappearance  contents  of  the  top  half  of  the  plant  were  26, 
52,  and  12  percent  higher  than  those  of  the  entire  plant.  Fiber 
and  coumestrol  contents  of  the  top  half  of  the  plant  were  22  and 
28  percent  lower,  respectively,   than  in  the  entire  plant. 

The  bottom  half   (stubble)  fraction  could  be  sun-cured  and 
baled  rather  than  dehydrated.     Sun-cured  stubble  hay  would  have 
a  higher  protein  content  than  most  prairie-grass  hay.  Multi- 
cutting  of  alfalfa  at  the  bud  or  1/10  bloom  stage  of  maturity 
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Table  5. — Four-year  average  chemical  contents  and  production 
of  the  first  cutting  for  multicut  management  systems. 


Experiments  CO(M-III)  1964- 

1965, 

DC-1966 

and  DK- 

1967 

1 

Recovery  of 

Constituent 

Manag 

ement 

system 

multicut,  % 

A 

B 

C 

D 

D  T  A  X  100 

Dry  matter  yield,  lb. /A 

4012 

2030 

1535 

3565 

89 

Protein  content,  % 

17.0 

21.4 

13 . 4 

17 .  9 

Protein  yield,   lb. /A 

682 

434 

205 

■  639 

94 

Carotene  content,  mg./lb. 

76 

28 

56 

Carotene  yield,  g./A 

201 

155 

43 

198 

98 

Fiber  content,  % 

35.9 

o  ~7  n 

21 .9 

39.8 

33 . 0 

Fiber  yield,   lb . /A 

1440 

566 

611 

1177 

82 

DMD     content,  % 

58.7 

65.7 

50.9 

59.8 

DMD    yield,   lb. /A 

2458 

1485 

755 

2240 

91 

Coumestrol  content,  ppm 

136 

98 

158 

123 

Coumestrol  yield,   lb. /A 

.544 

.198 

.  242 

.440 

81 

A  =  Cut  to  the  ground  at  FB+ 

in 

the  first  cutting.  B 

=    Tnn  half 
—     ±UL>     lid  i~ 

of  forage  harvested  on 

the  same 

day  as 

A.     C  = 

=  Bottom 

half  of 

forage  harvested  on  the 

same 

day 

as  A . 

D  =  Computed 

totals  or 

2  averages  of  B  +  C. 

DMD  =  Dry  matter  disapp 

earance. 

1965, 

1966,  and  1967 

only. 

would  produce  a  superior 

grade 

product . 

Such  a 

produc  t 

should 

bring  a  premium  price  for 

poultry 

feeding . 

The  loss  in  yields  of  dry  matter  and  other  constituent  in 
the  multicutting  system  was  attributed  to  trampling  of  the  stubble 
(bottom  half)  fraction  when  the  top  half  was  harvested.     The  har- 
vester was  not  able  to  pick  up  all  of  this  trampled  material  when 
the  stubble  was  harvested.     This  loss  was  not  recovered  in 
subsequent  cuttings  during  the  year,   since  total-season  yield 
losses  were  approximately  the  same  as  that  of  the  first  cutting. 
Reversing  the  direction  of  cutting  the  stubble  from  that  used 
when  cutting  the  top  half  should  reduce  the  trampling  loss. 

Statistical  analyses  of  the  total  season  data  showed  that 
some  significant  differences  in  content  and  yields  due  to  manage- 
ment system,  were  obtained  for  individual  years   (table  6).  No 
significant  differences  due  to  management  system  were  found  for 
the  2-year   (1964-65)  averages  except  for  fiber  content  at  the 


-  32  - 


5  percent  level.  Table  7  shows  the  2-year  average  (1964-65)  total 
season  data. 


Table  6 . --Signif leant  F  values  due  to  multicut  management  systems 
for  the  total  season  annual  and  two-year  average 

chemical  contents  and  production. 
Experiments  CO(M-III)   2  years  and  DK,  1964-1967 

Constituent 

1964 

1965 

1967 

1964-65 
average 

Dry  matter  yield 

NS 

NS 

Protein  content 
Protein  yield 

* 

* 
** 

* 

NS 
NS 

Carotene  content 
Carotene  yield 

** 
* 

•k* 
NS 

* 

NS 
NS 

Fiber  content 
Fiber  yield 

** 

NS 

NS 
** 

* 

NS 

*  Significant  at  the  5  percent  level 
percent  level;  NS  =  nonsignificant; 
available. 

;         significant  at  the  1 
—  =  complete  data  not 

Table  7. — Two-year  average  total  season  chemical  contents 
production  for  multicut  management  systems. 
Experiment  CO(M-III)  1964-1965 

and 

Management 

1 

system 

CV 

LSD 

Constituent 

A 

B 

% 

0.05 

0.01 

Dry  matter  yield,   lb . /A 

8405 

7684 

NS 

NS 

Protein  content,  % 
Protein  yield,   lb. /A 

18.0 

1528 

18.4 

1424 

NS 
NS 

NS 
NS 

Carotene  content,  mg./lb 
Carotene  yield,  g./A 

61 
529 

63 
498 

NS 

NS 

NS 
NS 

Fiber  content,  % 
Fiber  yield,   lb. /A 

33.3 

2783 

32.3 
2465 

1.1 

0.9 

NS 

NS 
NS 

2 

DMD2  content,  % 
DMD    yield,   lb. /A 

65.0 

6321 

66.0 

5872 

3/ 

Coumestrol  content,  ppm 
Coumestrol  yield,   lb. /A 

105 
.880 

97 
.744 

A  =  Standard  system;  B  =  mu^ticutting  system.  DMD  =  dry  matter 
disappearance,  1965  only.        Complete  data  not  available. 
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Partial  cutting  systems.     Partial  cutting  systems,   in  which 
the  top  half  of  the  plant  was  harvested  one  day  and  the  bottom  half 
(stubble)  harvested  at  a  later  date,   7-28  days  later,  were  compared 
v;ith  the  multicutting  system. 

The  partial  cutting  systems  were  devised  in  an  attempt  to 
reduce  trampling  losses,   increase  quality  of  stubble,  and  eliminate 
extra  field  costs  in  harvesting  stubble  alone.     Regrowth  of  stubble, 
which  was  10  inches  high,   consisted  of  axillary  bud  development  and 
basal  shoots.     Data  from,  these  studies  failed  to  show  consistent 
significant  improvement  in  quality  or  yield  over  the  multicutting 
system. 

Height-of -cut  management  systems.     A  height-of-cutting  study 
was  initiated  in  1966  to  determine  the  effect  of  repeated  cuttings 
at  various  heights  on  constituent  contents  and  yields.  One-acre 
plots  were  harvested  vjith  commercial  harvesters  to  give  stubble 
heights  of  3,   5,   7,  and  9  inches  in  the  first  three  cuttings. 
Each  treatment  was  replicated  three  times.     The  stubble  height  of 
standard  cutting  procedures  was  about  3  inches.     The  fourth  cutting 
on  all  plots  was  made  at  a  stubble  height  of  3  inches  at  frost. 
Maintaining  a  constant  stubble  height  was  difficult.     It  vjas  not 
possible  to  hold  the  cutting  head  of  the  harvesters  at  a  constant 
height  with  cutting-head  hydraulic  lifts.     Adjustments  in  height 
were  made  intermittently  to  maintain  average  heights  desired. 
Lowering  the  shoe  or  roller,  which  limited  the  minimum  height  of 
cut,  was  not  a  practical  method  for  maintaining  higher  stubble 
heights  in  these  studies,  but  could  be  done  for  commercial  acreages. 


Table  8. — Significant  F  values  due  to  height-of -cut  management 
systems  for  the  total  season  annual  and  two-year  average  ^ 
chemical  contents  and  production.     Experiment  PH,  1966-1967 


Constituents 

1966 

1967 

1966-67 
average 

Dry  matter  yield 

Protein  content 

NS 

Protein  yield 

Carotene  content 

NS 

NS 

NS 

Carotene  yield 

*  Significant  at  the  5  percent  level;  significant  at  the  1  per- 
cent level;  NS  =  nonsignificant. 


Statistical  analyses  of  the  annual  and  2-year  data  (table  8) 
showed  that  yields  of  dry  matter,  protein,  and  carotene  were 
significantly  different  due  to  management  systems.     Protein  contents 
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differed  significantly  only  in  1966  and  for  the  2-year  average. 
The  2-year  averages   (j.able  9)  showed  that  increasing  stubble  height 
significantly  and  progressively  reduced  constituent  yields.  The 
protein  content  of  the  hay  with  a  9-inch  stubble  was  significantly 
higher  than  hay  with  3-  or  5-inch  stubbles.     Cutting  at  7-  and  9- 
inch  heights  increased  weed  infestations. 

Table  9.     Two-year  average  total  season  chemical  contents  and 
production  for  height-of -cut  management  systems. 
 Experiment  DH,  1966-1967  


Management 


Constituent''" 

Stubble 

hei^ 

^ht  in  : 

inches 

CV 

L 

SD 

3 

5 

7 

9 

% 

0.05 

0.01 

Dry  matter  yield. 

lb.  /A 

9945 

o  ~j  c  r\ 
O  /  60 

"7  o  n  n 
/  o99 

0  / 

/  Q  /, 

"7  O  0 

/  33 

Protein  content,  % 

18.9 

19.0 

19.3 

19.7 

1.9 

0.6 

NS 

Protein  yield,  lb. 

/A 

1879 

1671 

1524 

1329 

4.4 

99 

150 

Carotene  content, 

mg . / lb , 

74 

76 

76 

81 

NS 

NS 

Carotene  yield,  g. 

/A 

739 

660 

597 

545 

5.3 

48 

72 

Fiber  content,  % 

30.9 

31. 1 

30.  1 

29.  5 

2/ 

Fiber  yield,   lb. /A 

3070 

2726 

2378 

1990 

3 

DMB     content,  % 

62.2 

61.9 

61.  5 

62.  2 

DMD     yield,   lb. /A 

6190 

5422 

4858 

4198 

Coumestrol  content 

,  ppm 

101 

110 

116 

105 

Coumestrol  yield. 

lb.  /A 

1.008 

.968 

.920 

.710 

Fiber,   DMD  and  coumestrol  values  aetermined  on  samples  bulked  over 

2  3 
reps.         Complete  data  not  available.         DMD  dry  matter  disappearance. 

Summary .     Field  management  for  dehydration  and  hay  production 
involves  the  same  principles.     The  two  methods  do  not  differ  greatly 
in  practice  when  emphasis  is  placed  on  quality.     Hay  farmers  are 
becoming  more  quality  conscious,   both  for  hay  and  haylage  production. 

The  results  obtained  in  a  three-year  s tage-of -maturity  manage- 
ment study  with  commercial  dehydration  procedures  agreed  with  previous 
sm^all-plot  work.     Harvesting  at  1/10  bloom  gave  maximum  total  season 
constituent  yields  of  good  quality.     Higher  quality  was  obtained  at 
the  cost  of  lower  yields  per  cutting  and  increased  harvesting  and 
processing  costs. 

In  a  four-year  study,  multicutting  effectively  separated 
alfalfa  into  two  products  of  different  quality.  This  system  of 
field  management  resulted  in  the  recovery  of  a  high  quality  product 
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from  full  bloom  or  rank-growth  alfalfa  with  equipment  presently 
used  by  dehydrators.     The  4-year  average  protein  contents  of  the 
top  and  bottom  halves  were  21.4  and  13.4  percent,  respectively. 

A  2-year  study  of  the  effects  of  cutting  alfalfa  with  3, 
5,   7  or  9  inches  of  stubble  showed  that  average  annual  yields  of 
dry  matter,  protein,  carotene  and  dry  matter  disappearance 
decreased  as  cutting  height  increased.     The  protein  content  of 
hay  with  a  9-inch  stubble  was  significantly  higher  than  hay  with 
3-  or  5-inch  stubbles. 
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SEPARATION  MILLING  OF  ALFALFA 

Joseph  Chrisman 
Department  of  Economic  Development,   State  of  Nebraska 

and 

George  0.  Kohler 
Western  Utilization  Research  and  Development  Division 
Agricultural  Research  Service,  USDA,  Albany,  California 

In  November  1965,  we  reported  at  the  9th  Technical  Alfalfa 
Conference  our  progress  on  leaf-stem  separation  processing 
through  the  preceding  summer.     Up  to  that  time  we  had  relied 
entirely  on  mechanical  sifting  as  the  separating  medium.  Some 
very  satisfactory  results  had  been  obtained  in  the  laboratory  and 
in  the  field  at  Cozad,  Nebr.,  and  Dixon,  Calif. 

At  Cozad  we  used  the  mobile  dehydrator  belonging  to  the 
Western  Utilization  Research  and  Development  Division  of  USDA  and 
were  able  to  operate  independently  except  for  supply  of  green 
chop  from  the  field.     We  made  no  attempt  to  grind  or  pellet  the 
two  fractions.     We  did  supply  the  University  of  Nebraska  with 
tonnages  of  both  coarse  and  fine  fractions  for  animal  feeding. 
We  were  operating  at  the  time  of  the  Nebraska  Alfalfa  Dehydrators 
Association's  summer  meeting  in  Lexington  and  had  many  visitors. 
We  heard  criticism  from  some  regarding  use  of  sifters  and  many 
expressed  doubt  that  the  unground  coarse  fraction  could  be 
successfully  marketed  for  cattle  or  sheep  because  its  low  bulk 
density  would  affect  transport  to  feed  lots.     There  seemed  to 
be  agreement  that  it  would  be  an  excellent  roughage. 

We  had  thought  previously  of  using  air  as  a  separating 
medium  and  had  discussed  with  pellet  mill  manufacturers  the 
possibility  of  making  large  pellets  from  the  coarse  fraction 
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without  prior  grinding.     Our  thoughts  were  further  crystallized 
at  the  convention  of  the  American  Dehydrators  Association  the 
following  February,  where  a  group  of  dehydrator  operators  and 
owners  met  informally  with  Dr.  Kohler  and  me  and  freely  expressed 
criticism  of  sifting  and  their  dislike  of  sifting  devices.  They 
were  doubtful  about  the  pelletability  of  the  coarse  fraction  and 
also  doubted  the  possibility  of  storing  such  pellets  without 
molding  or  other  physical  deterioration. 

Our  report  today  is  concerned  with  our  efforts  since  that 
meeting  on  air  separation  and  on  pelleting  and  storing  the  un- 
ground  coarse  fraction. 

The  meeting  referred  to  took  place  in  early  February  1966, 
and  later  that  month  we  were  able  to  experiment  with  a  pilot-plant 
air  separator  set  up  in  a  Stanford  Research  Institute  laboratory 
in  Pasadena.     SRI  had  built  this  equipment  to  experiment  with 
various  products  and  had  used  some  coarsely  ground  sun-cured  hay. 
We  obtained  some  dehydrated  alfalfa  chops  from  the  Imperial  Valley 
and  made  several  runs.     As  they  came  from  the  cooling  cyclone  of 
the  dehydrator,   those  chops  were  much  higher  in  quality  than  we 
would  ordinarily  be  working  with  and  had  well  shattered  leaf  and 
stem  particles  averaging  shorter  in  length  than  those  from  most 
dehydrators.     It  should  also  be  noted  that  the  moisture  had  equili- 
brated so  that  the  advantage  of  low-moisture  leaf  and  higher- 
moisture  stem  did  not  exist.     Table  1  shows  the  data  obtained  at 
various  air  speeds  in  feet  per  minute.     The  results  at  Pasadena 
were  sufficiently  encouraging • to  prompt  us  to  seek  a  commercial- 
sized  separator  of  the  same  design. 

Scientific  Separators,   Inc.  of  Denver,  Colorado  were  found 
to  be  builders  of  such  equipment  and  we  asked  that  they  design  a 
separator  to  handle  3,000  pounds/hour.     This  they  did  and  we  in 
turn  recommended  purchase  by  the  Nebraska  Department  of 
Agriculture  and  Economic  Development  for  use  in  Nebraska. 

In  the  meantime  both  Nebraska  and  our  USDA  laboratory  in 
California  expressed  a  desire  to  continue  this  line  of  research 
for  another  year  and  we  consummated  a  Memorandum  of  Understanding 
with  Shofstall,   Inc.,  of  Odessa,  Nebr.,  which  gave  us  an  erection 
site  and  dehydrated  alfalfa  to  work  with.     The  cooperation  with 
local  management  and  employees  was  excellent. 

In  early  July  1966,  we  had  all  the  equipment  assembled  at 
Odessa  and  were  ready  to  try  it  out.     Scientific  Separators,  Inc. 
designed  the  machine  after  preliminary  tests  with  dehydrated 
chops  from  Holtville,  Calif.,   to  handle  3,000  pounds  per  hour. 
The  column  was  4  x  24  inches,   the  blower  3  hp.  with  a  cut-down 
wheel.     The  original  installation  is  shown  in  figure  1.  The 
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material  enters  at  the  top  of  the  column  through  a  rotary  valve. 
The  air  is  drawn  through  the  small  cyclone  separator  at  the  right, 
which  is  equipped  with  another  rotary  valve  for  discharge  of  the 
fine  fraction.     The  valve  on  the  blower  outlet  is  set  to  regulate 
the  velocity  of  air  drawn  up  through  the  column  and  across 
through  a  transition  piece.     Static  pressure  can  be  measured 
through  a  connection  at  midpoint  of  this  transition.     The  open 
space  below  the  column  was  partially  housed  for  collection  of 
coarse  fraction,  which  was  removed  by  a  screw  conveyor  leading 
to  the  pellet  mill.     The  fine  fraction  could  be  sacked  at  the 
rotary  valve  outlet,  but  we  installed  a  blower  to  move  it  to  a 
point  where  it  joined  the  main  stream,  of  the  second  dehydrator, 
but  so  arranged  that  we  could  sam.ple  for  both  weight  distribution 
and  chemical  analysis. 

Our  feeding  arrangements  at  Odessa  were  very  crude  to  begin 
with  and  many  modifications  were  introduced.     For  expediency  we 
eventually  removed  the  differential  milling  machine  and  moved  the 
material  by  blower  from  the  outlet  of  the  dehydrator  collector  to 
a  cyclone  separator  erected  so  that  the  bottom  outlet  was  well 
above  the  separator  column  to  enable  us  to  improve  distribution 
across  the  2  feet  of  colum.n  inlet.     Use  of  the  fan  for  m.oving 
material  also  served  as  a  substitute  for  differential  milling  by 
disintegrator.     We  were  working  out  of  doors  and  July  winds  and 
temperatures  introduced  problems.     Unless  transfer  points  v;ere 
adequately  protected,  Mother  Nature  did  some  air  classification 
of  her  own. 

After  one  month  of  operating  and  modifying  under  these 
trying  conditions,   it  was  quite  evident  that  the  column  was 
entirely  too  smiall  for  the  job.     S.   S.,   Inc.   offered  to  provide 
one  4  X  50  inches  in  size  and  agreed  to  have  it  there  the  first 
week  in  September. 

After  installing  the  new  separator  column,  which  was  also 
equipped  with  a  distributor  across  the  50-inch  width,  we  were  able 
to  make  a  preliminary  run  on  September  10.     This  time  we  used  a 
Hastings  air  meter  to  get  better  readings  on  air  velocities  than 
seemed  possible  with  the  magnahelic  gauge.     We  were  also  able  to 
avoid  exposure  of  the  chops  to  the  wind  at  transfer  points  to  a 
much  greater  degree. 

The  season  was  nearing  its  end  and  there  was  available  only 
one  small  field  of  late  third  cutting  for  us  to  work  on.  One 
calibration  run  was  made  and  the  results  were  very  mediocre.  Among 
other  things  they  indicated  we  needed  more  experience  in  operation 
and  better  sampling  procedures.     In  addition  we  made  900  lb.  of 
coarse-fraction  pellets  of  14.3  percent  protein  and  34.4  percent 
fiber.     Starting  material  in  this  case  was  18.1  percent  protein 
and  29.1  percent  fiber.     We  also  manufactured  one  ton  of  unpelleted 
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coarse  fraction  which  was  shipped  to  Kansas  for  evaluation  in 
calf  feeding  and  three  tons  for  evaluation  in  dairy  cattle  feeding 
in  New  York.     This  coarse  fraction  ran  13.3  percent  protein  and 
31.0  percent  fiber.     Starting  material  in  this  case  was  16.7  per- 
cent protein  and  25.5  percent  fiber. 

We  feel  we  did  satisfy  the  two  objectives:     showing  that 
air  classification  is  applicable  to  dehydrated  alfalfa  chops  on  a 
commercial  scale  and  that  the  unground  coarse  fraction  can  be 
pelleted  and  stored  in  a  satisfactory  manner. 

Both  Nebraska  and  our  USDA  lab  were  agreeable  to  continua- 
tion of  the  work  at  some  Nebraska  location  in  1967.     We  did  not 
care  to  work  out  of  doors  again.     R.  L.  Robertson  of  Platte  Valley 
Products,   Inc.,  had  watched  our  operation  rather  closely  and  had 
attempted  some  air  classification  of  his  own  at  Wood  River  with 
unsatisfactory  results.     He  offered  use  of  his  facilities  at 
Darr,  Nebr. ,  where  we  could  operate  in  a  three-story  brick  build- 
ing.    An  added  advantage  at  Darr  was  the  use  of  a  California  Flat 
Bed  Pellet  Mill  which  was  equipped  with  a  die  for  making  wafers 
1x1/2  inch  and  so  situated  that  the  coarse  fraction  could  feed 
to  it  by  gravity  with  the  pellets  going  to  the  cooler  also  by 
gravity.     Mr.  Robertson's  invitation  was  accepted  and  in  the 
summer  of  1967  we  moved  our  equipment  to  Darr  and  erected  a  much 
better  installation  than  we  had  at  Odessa. 

All  the  equipment  was  on  the  site  by  June  10,  1967,  and  on 
June  13  we  began  erection.     Heavy  rains  at  this  time  worked  in 
our  favor  by  releasing  men  from  Platte  Valley  Products  to  aid  in 
the  erection  and  by  the  late  afternoon  of  the  21st,  we  were  ready 
to  operate.     We  had  calibrated  the  blower  valve  settings  against 
air  velocities  measured  by  the  Hastings  air  meter  earlier  in  the 
day . 

Two  shake-down  runs  and  various  adjustments  were  made  on 
the  22nd.     On  the  following  day  we  made  runs  at  450,   500,  550, 
and  600  linear  feet  per  minute  with  a  load  of  about  one  ton  per 
hour.     Again  on  the  28th  we  were  able  to  make  another  such  run. 

These  two  runs  were  mostly  pilot  operations  to  see  what 
sort  of  leaf  and  stem  we  could  expect  and  how  the  weight  distribu- 
tion would  look.     The  results  were  encouraging  but  not  very 
conclusive  (table  2) ,  partly  because  the  range  was  too  narrow. 
Improvement  in  protein  in  leaf  fraction  was  about  7  points  and 
fiber  dropped  10  points.     The  runs  did  help  to  establish  a 
sampling  technique  which  was  later  improved  by  lengthening  the 
collection  time.     Sampling  of  a  product  containing  particle  sizes 
ranging  from  less  than  100  mesh  up  to  stems  6  inches  long  for 
chemical  analyses  is  difficult.     Of  course,   it  is  this  physical 
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property  of  the  feed  material  which  makes  the  separation  possible. 
We  endeavored  to  minimize  errors  by  taking  large  samples  and  cut- 
ting them  down  to  laboratory  size  on  a  Jones  riffle.     Even  this 
is  difficult  with  a  number  of  long  stems  encountered  in  the  stem 
fraction  which  must  pass  through  a  3/4-inch  wide  slot  in  the  riffle. 

There  had  been  excessive  rainfall  since  our  arrival  in  early 
June  and  cutting  of  fields  was  erratic.     Many  were  too  soft  to 
enter.     Some  were  highly  infested  with  huge  weeds  and  we  had  to 
pick  and  choose  to  avoid  such  fields.     On  the  night  of  June  28th, 
we  started  production  on  late  first  cutting  of  a  large  lot  of 
coarse  pellets  for  use  by  Dr.  Klopfenstein  of  the  Nebraska  Experi- 
ment Station  on  contract  work  for  the  USDA  laboratory  in  Calif. 
Following  are  the  lots  produced  and  shipped: 


Pounds 

Protein 

Fiber 

Fat 

Ash 

3,500 

% 

11.6 

1 
38.7 

1 

2.0 

% 
7.1 

10,000 

13.1 

36.9 

2.1 

7.7 

12,700 

13.3 

36.6 

2.2 

7.6 

13,500 

10.9 

39.1 

2.2 

6.9 

40,000 

12.3 

37.7 

2.1 

7.3 

lowing 

that  we  made  10  tons  for  Agway,  Inc. 

as  follows: 

10,000 

12.2 

39.2 

2.1 

7.5 

10,000 

13.0 

37.2 

2.2 

8.1 

20,000 

12.6 

38.2 

2.2 

7.8 

1  ton 

of  loose  stem  for 

Kansas  State  University: 

2,000 

10.8 

44.6 

1.7 

7.8 

On  June  30  at  550  linear  feet  per  minute  we  ran  a  test  which 
gave  44.3  percent  fine  and  55.7  percent  coarse  on  a  light  load  of 
about  1300  Ib./hr.     At  the  same  time  we  made  a  hand  separation  of  a 
field  sample  of  the  same  material  (table  3) . 

It  should  be  noted  in  table  3  that,  while  our  recovery  of 
protein  was  greater  with  dehydration,  the  recovery  of  fiber  was 
also  much  greater  and  the  ratio  of  concentration  was  2.26  compared 
to  3.72  for  the  hand  separation.     Thus,  the  percentage  recovery  of 
protein  is  not  the  complete  index  of  success  of  the  operation. 
The  concentration  of  the  protein  in  the  fine  fraction  and  reduction 
of  its  fiber  content  must  be  observed  along  with  percent  recovery. 

Rains  by  now  had  most  mills  in  the  area  at  a  standstill. 
Our  dehydrator  switched  to  second  cutting  and  we  quickly  reached 
a  decision  to  postpone  further  work  until  third  cutting  was 
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Table  3.- 

-Comparison 

of  machine  and 

hand  sep 

arations 

Ratio  of  protein 

I  tem 

Wg  igh  t 

P  TO  t*  p  1  rt 

FihpT  PTOt'ein 

X  -1.  Ljf       L.                1.1.  \J  L.  V —  X.  L  J 

Fiber 

Dehydrated 

% 

Leaf 

44.3 

23.0 

24.8  61.5 

32.5 

2.26 

^  S  7 

11.5 

41.0  38.5 

6  7  S 

Whole 

100.0 

16.6 

33.8 

Hand  Separated 

Fine 

26.9 

29.9 

11.5  49.7 

9.8 

3.72 

Coarse 

73.1 

11.2 

38.9  50.3 

90.2 

Whole 

100.0 

16.2 

31.5 

available.     Upon  our  return  to  Darr  on  August  15,  we  found  harvest- 
ing conditions  normal  and  fields  in  good  condition.     The  following 
day  we  calibrated  the  air  separator  at  velocities  ranging  from  100 
to  625  linear  feet  per  minute.     We  then  operated  at  seven  different 
velocity  settings  using  alfalfa  of  19.5  percent  protein  and  27.9 
percent  fiber  than  being  produced  (table  4) . 

The  formula  used  to  obtain  ratio  of  concentration  and  per- 
cent recovery  is  one  developed  many  years  ago  in  ore  dressing:  If 
h  =  percent  protein  in  the  feed  or  starting  material,  t  =  percent 
protein  in  the  tailings  or  coarse  fractions,  c  =  percent  protein 
in  fine  fraction  or  concentrate,  r  =  ratio  of  concentration,  and 
e  =  percent  recovery:     r  =  c-t/h-t  and  e  =  100  C/rh.     This  formula 
can  be  used  with  substitution  of  mg./lb.   carotene  or  xanthophyll 
for  percent  protein.    When  actual  weights  of  the  fractions  are 
known,  the  use  of  the  formula  is  unnecessary  but  still  convenient 
and  equally  accurate. 

It  will  be  noted  in  table  4  that  the  actual  protein  and  fiber 
in  the  fines  fraction  varied  very  little  in  the  seven  settings  of 
air  velocity  despite  the  increase  in  weight  of  fines  carried  over 
by  the  air  stream.     This  does  not  appear  to  be  as  marked  where 
xanthophyll  shows  a  high  of  200.6  mg./lb.  at  the  290  velocity,  and 
only  135.8  at  625.     Eliminating  the  625  setting  on  both  xanthophyll 
and  carotene  would  seem  to  place  them  more  in  line  with  the  protein 
and  fiber  fractions.     Both  xanthophyll  and  carotene  are  labile 
factors  and  it  must  be  remembered  that  milligrams  per  pound  is  a 
much  more  sensitive  measure  than  percentage. 

The  carotene  and  xanthophyll  analyses  were  made  in  Albany, 
Calif,  on  samples  airmailed  from  Lexington,  Nebr.     Upon  arrival 
these  samples  were,  within  a  day,  placed  in  a  minus  20 °F.  room 
and  held  until  just  before  analysis.     Any  losses  in  transit  would 
be  minor. 
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It  is  apparent  from  the  data  that  higher  air  velocities 
should  be  used  to  extend  the  data  to  a  point  where  more  coarse 
material  would  be  carried  into  the  fine  fraction.     To  do  this 
will  require  a  larger  blower  than  that  with  which  our  separator 
was  equipped  during  the  1967  season. 

The  same  conditions  of  operation  were  repeated  on  August  17 
(table  5)  with  alfalfa  of  17.9  percent  protein  and  26.6  percent 
fiber  content.     On  August  16,  we  were  able  to  retrieve  40  percent 
of  the  fines  at  27  percent  protein,  but  on  the  17th  we  had  only 
19.7  percent  at  26.2  percent  protein  at  the  550  setting.     Our  sam- 
pling on  the  625  setting  was  so  obviously  faulty,  that  it  has  been 
eliminated  from  tables  and  charts. 

Two  similar  experiments  were  carried  out  on  August  22  and 
August  25  with  results  shown  in  tables  6  and  7.     As  expected,  all 
recovery  data  follow  the  same  pattern.     Probably  the  most  inter- 
esting run  is  that  shown  on  table  7.     In  this  instance  the  starting 
material  was  very  low-grade,  grassy  hay  which  we  found  to  average 
13.4  percent  protein  and  29.4  percent  fiber.     From  this  we  were 
able  to  produce  a  fraction  of  over  a  fourth  of  the  whole  as 
standard  17  percent  grade  with  a  lower  than  normal  fiber  content. 

We  needed  to  produce  additional  lots  of  coarse-fraction 
pellets.     For  the  Nebraska  contract  work  on  upgrading  coarse 
fractions  we  made  20  tons  of  as  nearly  as  possible  leaf-free 
coarse  fraction.     Four  lots  were  produced  as  follows: 


Pounds 

Protein 

Fiber 

Fat 

Ash 

Carotene 

Xanthophyll 

% 

% 

% 

% 

Mg./lb. 

Mg./lb. 

11,300 

15.6 

27.5 

3.0 

9.8 

82.8 

120.2 

9,000 

14.6 

32.4 

3.0 

9.0 

67.6 

102.6 

10,500 

13.7 

31.7 

2.5 

9.2 

55.3 

65.2 

9,200 

14.5 

32.8 

2.8 

9.0 

66.8 

90.3 

The  American  Dehydrators  Association  asked  for 

coarse- 

fraction  pellets  for 

beef  cattle 

studies 

at  Purdue  University  and 

for  studies  in  feeding  horses  at 

Texas  A 

&  M  University.  The 

specification  for  these  two 

lots 

was  15 

percent  protein.     The  lots 

were  made  as  follows 

for  Purdue: 

Pounds 

Protein 

Fiber 

Fat 

Ash 

Carotene 

Xanthophyll 

% 

% 

% 

% 

Mg . lb . 

Mg./lb. 

5,400 

14.9 

29.4 

3.1 

9.8 

78.5 

108.5 

600 

15.4 

29.7 

2.9 

9.2 

65.8 

88.7 

Average  15.0 
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For  Texas  A  &  M; 


Pounds 

Protein 

Fiber 

Fat 

Ash 

Carotene 

Xanthophyll 

% 

% 

% 

% 

mg./lb. 

mg./lb. 

4,600 

14.9 

29.4 

3.1 

9.8 

78.5 

108.5 

11,400 

15.4 

29.7 

2.9 

9.2 

65.8 

88.7 

Average  15.0  + 


Conclusions .     We  have  demonstrated  that  with  low-grade 
alfalfa  (12  to  14  percent  protein) ,  we  can  recover  at  least  a 
fourth  of  it  as  a  standard  17  percent  grade  (table  7),  and  that 
with  a  grade  of  18  to  19  percent  protein  we  can  recover  20  to  40 
percent  as  26  to  27  percent  protein  fine  fraction,  leaving  a 
coarse  fraction  of  15  or  17  percent  protein,  both  of  which  are 
standard  market  grades. 


It  is  obvious  that  higher  air  velocities  are  needed  if  we 
are  to  determine  the  optimum  air  velocity  for  any  desired  end 
products.     We  do  not  know,  with  the  data  we  now  have,  just  where 
the  peak  of  efficiency  lies.     It  may  be  that  at  our  highest  veloc- 
ity used,  625  linear  feet  per  minute,  we  had  reached  that  peak, 
but  until  we  go  further  this  is  merely  supposition. 


Commercial  dehydrators  will  differ  in  their  demands  of  the 
process.     Some  will  want  a  small  fraction  of  very  high-grade  leaf 
permitting  the  coarse  fraction,  in  most  instances,  to  remain  either 
a  15  or  17  percent  protein  product  (standard  market  grades) . 
Others  will  want  to  obtain  a  large  fine  fraction  of  lesser  protein 
content,  leaving  a  coarse  fraction  practically  free  of  leaf.  At 
other  times  they  may  wish  to  obtain  as  much  as  possible  of  a  17 
percent  protein  grade  from  feed  which  runs  well  below  any  present 
market  grade,  as  shown  in  table  7. 


To  make  it  easier  to  determine  the  weight  distribution  of 
the  two  fractions  from  a  given  protein  content  of  feed  material 
and  a  fixed  fine-fraction  protein,  figure  2  shows  that  distribution, 
if  you  are  seeking  12,  15,  or  17  percent  protein  in  the  coarse 
fraction  from  an  18  percent  starting  material  with  a  fixed  leaf 
grade  of  22  percent  protein.     Similar  charts  can  be  made  for  other 
starting  material  grades  and  also  for  20  or  25  percent  protein  as 
the  fixed  objective  for  the  high-protein  fraction. 


As  an  example,  suppose  you  are  cutting  18  percent  protein 
alfalfa  and  want  to  make  as  much  that  is  22  percent  from  it  as  you 
can,  not  caring  how  low  the  coarse  fraction  goes,  or  assuming  it 
will  drop  to  12  percent  protein.     Read  up  on  the  dotted  vertical 
line  reading  18  until  it  is  crossed  by  the  heavy  slant  line  running 
from  22  on  the  base  line  to  12  on  the  upper  horizontal  line.  Read 
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Figure  2.     Chart  for  determination  of  weight  distribution  of 
fractions  for  alfalfas  of  varying  protein  content. 

to  the  left  at  the  point  where  the  two  lines  intercept  and  note 
that  you  can  make  40  percent  of  coarse  fraction  and  if  you  read  to 
the  right  you  will  note  that  you  can  obtain  60  percent  of  the 
22  percent  fraction. 

Using  the  same  technique  you  can  read  left  and  right  from 
point  of  interception  to  learn  the  amounts  of  either  15  or  17  per- 
cent protein  coarse  fractions  and  their  corresponding  amounts  of 
22  percent. 
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IMPROVEMENT  IN  STEM  DIGESTIBILITY 


Terry  Klopfenstein 
University  of  Nebraska,  Lincoln 

Three  years  ago,  supported  by  ARS  at  Albany,  Calif.,  we 
undertook  a  project  designed  to  increase  utilization  of  alfalfa 
stems  by  ruminants.     During  this  period,  we  have  gained  considerable 
insight  into  the  problems  involved  in  increasing  stem  utilization. 
Some  promising  treatments  have  been  initiated  but  they  definitely 
need  further  development. 

Before  we  talk  specifically  about  the  treatments  which  we 
have  investigated,   I  would  like  to  share  with  you  some  data  which 
will  help  us  establish  where  we  are  starting  from  and  where  we 
hope  to  go.     Table  1  shows  in  vitro  dry-matter  disappearance 
(laboratory  estimation  of  digestibility)  of  alfalfa  stems  cut  at 
different  maturities  over  a  complete  season. 


Table  1. — Effect  of  cuttings  within  cutting  systems  on  dry 
matter  disappearance-*-  in  the  stem  fraction  of  alfalfa 


Cutting 

Cutting  number 

system 

1st 

2nd 

3rd 

4th 

5th 

V  -  1/10 

1 
72.2 

% 

52.0 

% 

52.1 

% 

57.  5 

% 

67.8 

Bud 

61.2 

55.5 

52.9 

57.5 

64.3 

1/10 

58.9 

51.8 

55.1 

57.1 

FB  -  1/10 

59.3 

53.8 

55.2 

57.3 

FB 

59.3 

52.8 

55.3 

59.9 

Dry  matter 

disapp 

earance  was 

measured  in  the 

laboratory 

by  the 

microbial-pepsin 

method . 

I  feel 

that 

these  data 

show  how  much  di 

gestibility 

of 

alfalfa  stems 

can  vary  because 

of  time  of  the 

year  and  different 

cutting  systems.  Table  2  presents  data  obtained  with  two  qualities 
of  alfalfa  stems,  alfalfa  hay,  and  an  all-concentrate  control. 

These  experiments  were  set  up  to  study  the  effect  of  quality 
of  alfalfa  stems  on  animal  performance  and  to  make  comparisons  with 
somewhat  standard  rations.     The  stems  were  separated  from  the 
leaves  by  air   (Joe  Chrisman)  and  then  made  into  3/4-inch  pellets 
without  grinding.     The  alfalfa  hay  was  fed  chopped  and  all  treat- 
ments containing  forages  were  fed  on  an  ad_  lib  basis  to  growing 
cattle.     The  all-concentrate  ration  (corn,  soybean  meal,  vitamins, 
minerals)  was  fed  at  65  percent  of  the  level  of  the  poor-quality 
stems  in  order  to  equalize  digestible  energy  intake. 
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Table  2. — Effect  of  quality  on  stem  value 


Poor             Good          Chopped  All 
quality        quality      alfalfa  concen- 
Item  stems  stems  hay  trate 


Average  daily  gain,  lb. 

1. 

2 

2. 

0 

1.2 

1. 

5 

Average  daily  feed,  lb. 

18. 

0 

21. 

4 

17.5 

11. 

7 

Feed/gain,   lb.  ^ 

14. 

9 

10. 

8 

14.6 

7. 

6 

Value/ton,  dollar  ^ 

25. 

69 

35. 

34 

26.15 

50. 

00 

DMD  (in  vivo)  percent  ^ 

50. 

9 

58. 

1 

■  60.5 

88. 

2 

DMD  (in  vitro)  percent 

52. 

6 

61. 

6 

60.2 

91. 

0 

Dollar  value  based  on  the  all-concentrate  ration  priced  at  $50/ton. 
Dry-matter  digestibility  measured  with  sheep. 
Dry-matter  disappearance  measured  in  the  laboratory. 


Feeding  the  higher-quality  stems   (7.2  to  9  percentage  units 
higher  in  digestible  dry  matter)  increased  gain  67  percent,  intake 
19  percent  and  decreased  feed  required  per  unit  gain  by  28  percent, 
as  compared  to  lower-quality  stems.     Considering  the  all-concentrate 
ration  to  be  worth  $50/ton,   the  good-quality  stems  would  be  worth 
about  $10/ton  more  than  the  poor-quality  stems  in  supporting  animal 
performance.     This  does. not  take  into  account  the  effect  that  a 
faster  rate  of  gain  would  have  on  fixed  costs.     These  data  would 
indicate  that  increasing  dry  matter  digestibility  by  10  to  15  per- 
centage units  would  increase  the  value  of  alfalfa  stems  considerably. 
Another  important  point  is  that,   in  this  form,  alfalfa  stems  are  a 
good  complete  feed  for  growing-developing  cattle. 

During  the  course  of  this  project,  over  100  laboratory 
experiments  using  about  40  different  chemicals  under  varying  time, 
temperature,  pressure,   and  moisture  conditions  have  been  conducted. 
Because  of  restrictions  on  these  treatments,  such  as  cost  and 
chemical  residue,  very  few  of  them  have  shown  promise.  Those 
showing  the  most  promise  are  treatments  involving  use  of  sodium 
hydroxide  or  peroxide. 

A  lamb  digestion  and  metabolism  trial  was  conducted  to  study 
the  effect  of  sodium  hydroxide  and  peroxide  treatment  of  alfalfa 
stems  upon  digestibility  and  nitrogen  balance  (table  3).  Treatment 
of  stems  with  sodium  hydroxide  increased  the  digestibility  by  6.8 
percentage  units.     Based  upon  the  previous  data  on  animal  perform- 
ance with  the  higher  digestible  material,  this  increase  would  be 
worth  no  more  than  $8  to  $10  per  ton.     The  cost  of  the  treatment 
would  probably  be  at  least  $6  to  $8  per  ton  and,  therefore,  it 
probably  would  not  be  economically  feasible. 

During  the  study  it  was  found  that  alfalfa  was  very  resistant 
to  treatment  and  did  not  respond  in  increased  dry-matter  digestibil- 
ity in  comparison  to  some  other  poorer-quality  roughages.  Therefore, 
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Table  3. --Chemical  treatment  of  alfalfa  stems 


Treatment 


Apparent  Apparent 
dry-matter  nitrogen  Nitrogen 

digestibility     digestibility  balance 


Control 

Sodium  hydroxide  4% 
Sodium  peroxide  4% 
Sodium  peroxide  4%  + 
Hydrogen  peroxide  3% 


% 

49.7 
56.5 
54.5 

54.5 


% 

61.3 
63.3 
62.4 

62.8 


g- /day 

0.85 
1.75 
1.28 

1.23 


more  drastic  treatments  of  the  stem  material  were  employed.  A 
high-pressure- temperature  digester  was  developed  which  has  the 
capability  of  producing  600  psi.  of  internal  pressure  and  a 
temperature  of  250°C.     This  100-ml . -capacity  digester  is  made  of 
stainless  steel  and  is  equipped  with  a  pressure  gauge  and  a 
pressure  release  valve.     The  digester  is  heated  by  immersing  in 
a  275°C.   salt  bath.     Conditions  of  treatments  are  measured  by 
the  final  pressure  reached  within  the  digester.     It  takes  4  to 
6  minutes  to  reach  400  psi.  within  the  digester.  Approximately 
700  samples  have  been  treated,  and  in  vitro  digestibility  has 
been  subsequently  determined.     Table  4  shows  some  of  the  data. 


Table  4. — High  temperature  and  pressure  treatments  of  alfalfa  stems 


Treatment 

DI4D^ 

ADF^ 

3 

ADL 

4 

CWC 

None 

% 

54.5 

% 

47.6 

% 

12.3 

% 

59.8 

400  psi. ,  HO 

63.4 

45.9 

12.5 

52.8 

400  psi.  ,  075/;  HCl 

63.5 

45.3 

12.2 

49.8 

400  psi. ,  4%  HO 

67.  6 

44.0 

11.0 

49.6 

In  vitro  dry-matter  disappearance.  Acid  detergent  fiber. 
Acid  detergent  lignin.     ^  Cell  wall  constituents. 


Table  5. --High  temperature-pressure  treatment  of 

 alfalfa  stems  on  a  large  scale  

 Treatment  

Item  Control  HO  400  psi    4%  HO 


In 

vitro  dry-matter  disappearance 

50. 

2 

58.1 

58 

3 

In 

vivo  dry-matter  digestibility 

48. 

5 

45.2 

47 

7 

In 

vivo  protein  digestibility  ^ 
vivo  dry-matter  digestibility" 

61. 

4 

32.9 

25 

7 

In 

47. 

6 

42.6 

49 

5 

Determined  by  difference  when  fed  mixed  1:1  with  the  control. 
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Treatment  with  water  alone  increased  digestibility  up  to  9  percent- 
age units.     Peroxide  additions  further  increased  digestibility. 
Based  upon  these  results,  animal  trials  were  initiated  to  evaluate 
stems  treated  in  a  large-scale  digester.     The  results  from  lamb- 
digestion  trials  are  presented  in  table  5. 

These  results  are  not  very  encouraging.     Animal  digesti- 
bilities are  variable  and  lower  than  in.  vitro  dry-matter 
disappearance.     There  are  several  possibilities  which  might  explain 
these  differences  such  as  protein  damage,  toxic  substances  produced, 
and  soluble  materials  produced  that  are  not  digestible.     At  present 
we  are  working  to  solve  this  specific  problem  because  we  feel  that 
this  type  of  treatment  holds  promise  for  a  practical  method  of 
increasing  stem  utilization.     However,  the  reasons  for  the  reduced 
animal  digestibility  as  compared  to  In  vitro  digestibility  must  be 
determined  before  further  developments  are  likely  to  take  place. 


EFFECTS  OF  DEHYDRATION  ON  ALFALFA  COMPONENTS 

G.  0.  Kohler,  A.  L.  Livingston,  and  R.  E.  Knowles 
Western  Utilization  Research  and  Development  Division,  USDA 

Albany,'  California 

Our  laboratory  has  long  been  interested  in  the  effect  of 
dehydration  on  the  labile  nutrients  of  alfalfa.     In  earlier 
investigations  the  principal  concern  was  carotene  with  only 
secondary  attention  to  xanthophyll  or  vitamin  E.  Increased 
interest  in  xanthophyll  as  a  pigmentation  source  for  poultry 
products  and  the  more  recent  interest  in  vitamin  E  to  prevent 
oxidation  in  milk  have  prompted  us  to  evaluate  further  the 
effects  of  dehydration  procedures  on  these  labile  nutrients. 

Furthermore,  animal  nutritionists  have  recently  shown 
increased  interest  in  the  effects  drying  conditions  may  have  on 
levels  of  nutrients  as  well  as  their  availability  to  large  ani- 
mals.    Hathout,  in  a  report  on  the  "Effects  of  Drying  Temperatures 
on  Chemical  Composition  and  Digestibility  of  Alfalfa,"  (Graduate 
thesis,  1961,  North  Carolina  State  University),   found  a  decrease 
in  both  amino  acid  nitrogen  and  reducing  sugars  with  increasing 
drying  temperatures.     Ekern  and  coworkers   (Brit.  J.  Nutrition  19 ; 
417,  1965)   found  that  the  metabolizable  energy  was  significantly 
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greater  in  fresh  grass  than  in  dehydrated  grass.     In  light  of 
these  findings,  we  have  evaluated  the  effects  the  varying  dehydra- 
tion conditions  on  the  essential  amino  acid  lysine  and  on  dry 
matter  digestibility.     I  will  describe  our  work  on  effects  of  rear- 
end  temperature  and  meal  moisture  on  xanthophyll,  carotene,  vitamin 
E  (a-tocopherol) ,  lysine,  and  animal  digestibility. 

Procedures .     In  our  initial  study  we  used  our  pilot-scale 
Arnold  dryer  on  a  mobile  platform  at  the  Dixon  Dryer  Co.   plant  in 
Dixon,  Calif.     The  following  year  we  employed  not  only  the  pilot 
Arnold  but  also  the  full-size  industrial  Arnold  at  Dixon  as  well 
as  the  Stearns-Roger  of  the  Delta  Dryer  Company  at  Clarksburg. 
In  the  initial  study  fresh  alfalfa  was  analyzed  by  a  solvent  blend 
procedure.     However,   in  the  second-year  study  fresh  material  was 
frozen,  f reeze-dr led ,  analyzed  in  the  same  manner  as  the  dehydrated 
meal.     The  meal  was  analyzed  by  our  improved  procedure.  Analyses 
for  a-tocopherol   (vitamin  E)  was  by  a  modified  thin-layer 
chromatographic  procedure  developed  in  our  Division.     The  procedure 
separates  a-tocopherol  from  related  reducing  isoprenoid  compounds 
which  are  frequently  included  in  the  a-tocopherol  fraction  by 
column  chromatographic  procedures.     The  procedure  for  lysine  was 
a  method  adopted  from  that  of  Moore  and  Stein  (Anal.  Chem .  _30:  1190, 
1958) .     ^n  vitro  animal  digestibility  studies  on  meal  samples  were 
carried  out  by  Dr.  Klopfenstein  of  the  University  of  Nebraska. 

Results  and  discussion.     In  the  initial  study  with  the  pilot 
Arnold,  we  found  only  small  losses  of  carotene  during  dehydration; 
however,   there  were  high  losses  of  xanthophyll.     These  losses  could 
be  correlated  with  meal  moisture  level  as  well  as  outlet  or  rear- 
end  temperature  of  dehydration.     The  highest  inlet  temperatures 
also  gave  the  higher  xanthophyll  losses.     A  more  extensive  study 
was  made  the  following  year  in  which  the  industrial  Arnold  and 
Stearns-Roger  as  well  as  the  pilot  Arnold  were  employed. 

Operations  were  conducted  so  that  alfalfa  from  the  same 
field  was  simultaneously  dehydrated  in  all  three  dehydrators. 
There  was  a  considerable  loss  of  carotene  at  the  lower  moisture 
levels  and  high  rear-end  temperatures  in  all  three  dehydrators 
(table  1).     The  loss  of  xanthophyll  in  certain  meals  was  as  great 
as  73  percent  of  the  original  total  in  the  fresh  plant  material. 
This  increased  loss  was  due  in  part  to  an  improved  method  of 
analysis  of  fresh  plant  material,  resulting  in  high  initial  caro- 
tene and  xanthophyll  values,  and  hence  greater  apparent  losses 
during  drying. 

Of  the  three  principal  alfalfa  xanthophylls ,  violaxanthin 
underwent  the  larger  losses  during  most  of  the  trials.  However, 
in  the  meals  with  the  lower  moisture  levels  there  were  very  large- 
losses  of  neoxanthin.     Losses  of  all-trans  lutein  and  its  isomers 
were  less  than  losses  of  epoxy  xanthophylls.     However,  in  the 
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Table  1. — Loss  of  xanthophyll  and  carotene  during  dehydration 
Outlet 


temperature    Moisture   Carotene  Xanthophyll 


of  dryer 

of  meal 

Fresh  Meal 

Loss 

Fresh 

Meal 

Loss 

°F. 

% 

Mg./kg. 

% 

M§. 

/kg. 

% 

Industrial  Arnold   (trial  1) 

300 

9.2 

378  344 

9 

831 

508 

39 

310 

7.8 

353  267 

24 

736 

368 

50 

330 

2.3 

353  290 

18 

798  ■ 

286 

64 

Pilot  Arnold 

(trial 

1) 

270 

2.8 

329  290 

12 

784 

363 

53 

300 

1.6 

334  290 

13 

750 

295 

61 

330 

1.5 

348  281 

19 

821 

220 

73 

o  u earns  i\o>^er 

(  -f-  -V^  H    O  1 

240 

8.3 

411  387 

6 

876 

552 

37 

270 

9.5 

407  353 

13 

905 

542 

40 

300 

9.9 

411  363 

12 

861 

552 

36 

330 

5.9 

363  353 

3 

822 

450 

45 

Stearns-Roger 

(trial 

2) 

250 

12.2 

349  353 

0 

784 

568 

28 

250 

7.1 

411  339 

17 

861 

484 

44 

250 

2.5 

339  290 

14 

808 

329 

59 

275 

7.1 

445  377 

15 

972 

556 

43 

275 

3.1 

445       .  300 

33 

1005 

397 

60 

275 

1.5 

363  286 

21 

847 

310 

63 

Dry  basis,  average 
lower-moisture  meals 

of  duplicate  analyses. 

more  than  half  of  the 

lutein 

was  lost. 

Iso- 

merization  of  xanthophylls  occurs  during  heating.     Accordingly,  one 
might  expect  the  level  of  lutein  isomers  to  remain  relatively 
constant,  with  formation  of  isomers  offsetting  the  losses  due  to 
oxidation. 

Loss  of  total  xanthophyll  during  dehydration  at  all  three 
dehydrators  could  be  correlated  with  the  meal  moisture  (figure  1). 
It  is  evident  that  for  maximum  total  xanthophylls  the  final  meal 
moisture  should  be  at  least  5  percent. 

In  addition  to  analysis  for  carotene  and  xanthophyll,  we 
also  analyzed  by  our  TLC  procedure  for  a-tocopherol   (vitamin  E) . 
Many  column  chromatographic  procedures  do  not  separate  the 
a-tocopherol  from  other  closely  related  reducing  compounds.  This 
leads  to  high  apparent  a-tocopherol  values  and  can  give  an  unreal- 
istic impression  of  actual  losses  during  dehydration. 


-  58  - 


30  - 

Q. 
O 
-C 

C   20  - 
O 

X  < 

0  I  \  1  1  1  1  1  1  1 

4  8  12 

%  Moisture 

Figure  1.     Losses  of  xanthophylls  at  various  moisture  contents. 

The  losses  of  a-tocopherol  during  dehydration  in  this  study 
ranged  from  5  to  33  percent  and  were  greatest  at  meal  moistures  of 
less  than  3  percent   (table  2) .     The  samples  prepared  in  the  Arnold 


Table  2. — Stability  of  a-tocopherol  and  related  compounds 

 during  alfalfa  dehydration  

 g-Tocopherol ^        Related  reducing  compounds 


Outlet  Fresh  Fresh 

dryer  Dehy        freeze-  freeze- 

temp.      moisture      dried      Dehy      Loss      dried  Dehy  Loss 


11- 

Mg./lOO  g. 

% 

Mg. 

/lOO 

g- 

% 

Arnold 

300 

9. 

2 

18.1  17.2 

5 

9. 

3 

10. 

9 

(increase) 

300 

2. 

3 

22.8  18.1 

21 

13. 

9 

13. 

6 

2 

Stearns-Roger 

(trial 

1) 

250 

12. 

2 

18.8  13.7 

27 

10. 

1 

5. 

0 

50 

250 

7. 

1 

17.5  12.9 

26 

11. 

5 

3. 

8 

67 

250 

2. 

5 

20.6  13.8 

33 

9. 

4 

7. 

9 

16 

Stearns-Roger 

(trial 

2) 

275 

7. 

1 

19.6  18.7 

5 

14. 

7 

9. 

2 

35 

275 

3. 

1 

19.0  18.1 

5 

13. 

9 

11. 

0 

21 

275 

1. 

5 

21.9  17.8 

19 

9. 

1 

9. 

1 

(none) 

Dry  basis,  average  of  duplicate  analysis. 
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and  one  series  from  the  Stearns-Roger  gave  a  correlation  between 
loss  of  a-tocopherol  and  meal  moisture.     However,   the  second  series 
prepared  in  the  Stearns-Roger  did  not  bear  this  out.     This  differ- 
ence may  be  due  to  retention  time  in  the  drying  chamber  of  the 
Stearns-Roger  dryer. 

We  also  stored  these  same  samples  at  90°F.   for  12  weeks  and 
compared  the  effects  of  dehydration  on  the  stability  of  a-tocopherol 
during  storage  (table  3).     The  loss  during  storage  of  the  meals 
ranged  from  54  to  73  percent  of  the  a-tocopherol.    'However,  the 


Table  3. — Stability  of  a-tocopherol  and  related  reducing  compounds 

 during  storage  of  alflafa-^  

Meal   g-Tocopherol^   Related  reducing  compounds^ 

moisture  Initial  12  wk.  Loss  Initial  12  wk. 


12.2 
9.2 
7.1 
2.5 
2.5 
2.3 


3 


8.4 
5.4 
5.4 
5.4 
3.3 


-  -  Mg./IQQ  g.  


% 


13.7 

17.2 

12.9 

13.8, 

13.8- 

18.1 


18.8 
17.5 
20.6, 
20.  6~ 
18.1 


Dehydrated  Meals 

3.7  73 

4.9  72 

3.7  71 

6.3  54 

9.0  35 

7.6  55 

Freeze-Dried  Meals 


14.5 
16.9 
19.3 
19.7 
13.1 


23 
3 
6 
4 

28 


-  -  Mg./lOO  g.      -  - 


5.0 
10.9 
3.8 
7.9 
7.9 
13.6 


10.1 
11.5 
9.4 
9.4 
9.3 


8.7 
12.9 

9.1 
12.1 
21.2 
18.4 


21.4 
20.7 
25.6 
25.0 
25.3 


Stored  12  weeks  at  90°F.         Dry  basis,  average  of  duplicate 
analysis.     ^  Added  0.150%  ethoxyquin. 

meals  treated  with  ethoxyquin  only  lost  35  percent,  again  demon- 
strating the  need  for  protection  of  alfalfa  meal  with  either 
antioxidant  or  an  inert  atmosphere  or  a  cold  atmosphere  during 
periods  of  storage.     It  is  significant  that  corresponding  freeze- 
dried  meals  lost  only  3  to  28  percent  of  their  a-tocopherol  during 
the  same  period.     This  suggests  that  carefully  dried  alfalfa  meals 
have  a  natural  antioxidant  system  which  prevents  loss  of  labile 
nutrients.     In  this  instance  the  antioxidant- treated  sample  was 
not  significantly  more  stable  than  the  untreated. 


It  is  interesting  that  the  isoprenoid  compounds  in  most 
samples  increased  during  storage.     In  certain  of  the  freeze-dried 
samples  there  was  more  than  a  100  percent  increase  in  quantity. 
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Figure  2.     Cyclization  of  isoprenoid  quinones 
during  alfalfa  storage. 

The  similar  structure  of  a-tocopherol  and  the  isoprenoid 
compound,  solanachromene ,   is  shown  in  figure  2.     Cyclization  of  the 
quinones  to  the  reduced  chromenols  readily  occurs  during  heating. 
Since  certain  of  these  chromenols  possess  antioxidant  activity,  the 
total  level  of  natural  antioxidants  could  actually  increase  in 
alfalfa  meals  which  had  a  high  initial  quinone  level,  such  as 
freeze-dried  meals. 


330  300  270 

OUTLET  TEMP.  OF  DRYER,°F 

Figure  3.     Correlation  of  dryer  outlet  temperature 
and  alfalfa  lysine. 

Analysis  of  these  same  dehydrated  meal  samples  for  the 
amino  acid  lysine  demonstrated  a  correlation  between  lysine  content 
and  rear-end  temperature  for  meals  prepared  in  all  three  dehydrators. 
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There  was  approximately  40  percent  more  lysine  in  the  lov7- 
temperature  meals  than  in  the  very  high-temperature  meals   (figure  3) 


Analysis  demonstrated  that  there  was  a  significant  loss  in 
digestibility  at  the  lower  moisture  levels   (figure  4),  a  loss  of 
as  much  as  9  percent  in  dry-matter  disappearance  between  the  care- 
fully dried,  freeze-dried  meals  and  their  corresponding  overheated 
and  overdried  dehydrated  meals.     This  of  course  could  be  most 
significant  in  a  large  cattle  feed-lot. 
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Summary .     Over  the  past  several  years  our  laboratory  has 
demonstrated  that  very  great  losses  of  valuable  alfalfa  components 
may  occur  during  dehydration.     Losses  up  to  three-fourths  of  the 
xanthophyll  and  one- third  of  the  a-tocopherol  may  occur.  In 
addition  to  these  obviously  labile  nutrients,   losses  of  essential 
amino  acids  such  as  lysine  may  be  significant.     Factors  which 
affect  digestibility  in  large  animals  may  also  be  affected.  It 
is  apparently  essential  to  carefully  control  the  processing  condi- 
tions which  affect  the  rear-end  temperatures  and  meal  moisture 
levels,   in  order  to  produce  high-quality  meals  rich  in  nutrients. 
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THE  POTENTIAL  FOR  ALFALFA  PROTEIN  CONCENTRATES 
IN  ANIMAL  AND  HUMAN  NUTRITION 


Mark  A.  Stahmann 
Department  of  Biochemistry 
University  of  Wisconsin,  Madison,  Wisconsin 

For  the  past  seven  years  experiments  have  been  carried  out 
in  my  laboratory  on  evaluating  the  potential  of  protein  concentrates 
from  alfalfa  and  other  green  crops  for  use  as  a  feed  for  non- 
ruminant  animals  or  a  food  in  human  nutrition.     This  work  was 
undertaken  because  of  the  great  need  to  increase  world  protein 
production.     The  need  for  energy  can  be  supplied  by  cereal  and  root 
crops.     Vitamins  can  be  synthesized,  but  most  of  the  world  is 
already  short  of  protein.     Of  the  20  amino  acids,  8  must  be  supplied 
to  man  and  other  animals  from  leaves  of  green  plants.     These  so- 
called  "essential"  amino  acids  are  produced  through  photosynthesis, 
and  then  only  part  are  concentrated  into  seeds,   tubers,  or  animal 
products  consumed  by  man.     The  conversion  of  plant  to  animal  protein 
is  very  wasteful;  only  8  to  20  percent  of  the  protein  fed  to  farm 
animals  is  recovered  as  animal  protein  for  human  nutrition. 

During  the  last  war,  work  was  started  in  England  to  develop 
mechanical  processes  for  concentrating  protein  from  green  plants. 
It  was  based  on  a  very  old  observation  that  after  green  plant 
material  is  crushed  or  ground  to  break  the  cell  walls  and  then 
pressed,   the  juice  contains  much  of  the  protein  free  from  cellulose 
fiber.     Seven  years  ago  I  visited  the  Rothamsted  Experiment  Station 
in  England  and  saw  machinery  developed  by  Dr.  N.  W.  Pirie  (J.  E. 
Morrison  and  N.  W.  Pirie,  J.   Sci.  Food  Agr.  12:  1-5,  1961)  for 
separating  the  protein  from  the  fiber  in  green  plants  like  alfalfa. 
It  consists  of  a  large  hammer  mill,  which  beats  the  green  plant  to 
a  pulp,  and  a  perforated  table  on  which  the  juice  is  pressed  out. 
About  half  the  plant  protein  was  obtained  in  this  green  juice, 
which  contains  both  soluble  and  particulate  protein.     I  also 
visited  British  Glues  and  Chemicals,  Ltd.,  and  saw  the  impulse 
rendering  process  that  was  developed  there  (I.  H.  Chayen  and  others, 
J.   Sci.  Food  Agr.  1_2:  505-512,  1961).     In  this  process  the  green 
plant  material  is  ground  in  a  hammer  mill  partially  filled  with 
water.     The  proteins  pass  into  solution  or  suspension  and  are 
separated  from  the  fiber  and  precipitated  by  acid.     The  chlorophyll 
is  removed  and  the  protein  dried  by  extraction  with  hot  organic 
solvents . 

Because  amino  acid  analyses  had  not  then  been  made  of  these 
protein  concentrates,  I  collected  30  samples  from  10  different  plant 
species  and  analyzed  them  in  Madison  (E.  P.  Gerloff ,  I.  H.  Lima,  and 
M.  A.   Stahmann,  J.  Agr.  Food  Chem.   13.:   139-143,  1965).     They  showed 
a  similar  amino  acid  distribution  and  little  change  under  different 
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Table  1. — The  essential  acid  composition  of  protein  from 
green  plants,  opaque  2  corn,   soybeans,  and  meats   (Stahmann,  1968). 

Protein  source  Lys      Phe      Met      Thr      lieu      Leu      Val  Try 

(g.   amino  acid  per  100  g.  protein) 


Leaf  protein 


concentrates 

6. 

3 

6. 

0 

2. 

1 

5.2 

9.8 

5. 

3 

6.3 

1.6 

Opaque  2  corn 

endosperm 

3. 

6 

4. 

5 

2. 

1 

3.7 

10.  5 

3. 

8 

5.7 

Soybean  meal 

6 

4 

4. 

8 

0. 

6 

3.7 

3.5 

6. 

1 

5.0 

1.2 

Meat,  poultry, 

fish 

8. 

1 

4. 

9 

3. 

3 

4.6 

7.7 

6. 

3 

5.8 

1.3 

conditions  of  fertilization  or  maturity.     Table  1  compares  the 
average  essential  amino  acid  in  protein  concentrates  from  green 
plants  with  that  of  high- lysine  corn,  soybean  meal,  and  the  average 
of  meats  (M.  A.  Stahmann,  Economic  Botany  22_:  73-79,  1968).  The 
leaf  protein  concentrates  contained  more  lysine  than  the  best  high- 
lysine  corn,  more  methionine  than  soybean  protein,  and  compared 
quite  favorably  with  animal  proteins.     From  the  amino  acid  analyses 
we  calculated  the  amount  of  daily  protein  intake  necessary  for 
nitrogen  balance  in  an  adult  man.     A  man  would  have  to  consume 
about  the  same  amount  of  leaf  protein,  milk,  or  meat  if  he  were  to 
rely  on  each  of  these  as  his  only  source  of  protein  (Gerloff  and 
others,  1965). 

But  the  amino  acid  composition  does  not  tell  the  whole  story, 
for  it  does  not  allow  for  differences  in  digestibility.     To  further 
evaluate  the  nutritive  values,  we  determined  the  amino  acid  release 
by  the  digestive  enzymes,  calculated  estimated  "biological  values" 
for  various  proteins,  and  compared  them  with  data  in  the  literature 
based  on  rat  growth  (table  2).     The  estimated  enzymatic  "biological 
values"  of  protein  concentrates  from  nine  species  were  closely 
similar.     They  were  lower  than  those  of  eggs  and  milk  but  higher 
than  those  of  beef,   soybeans,  or  wheat  flour. 

Table  2. — Biological  values  of  proteins  from  enz5^atic  hydrolysis 
and  rat  growth  (W.  R.  Akeson  and  M.  A.  Stahmann, 
 J.  Agr.  Food  Chem.  13:  146-148,  1965)  


Protein  Enzyme  hydrolysis  Rat  growth 


Whole  egg 

97 

96,97 

Whole  milk 

83 

85,  84 

Leaf  protein  concentrate 

78-89 

81-86 

Beef 

75 

76 

Soybean 

65 

57,  59  (75,  74) 

Wheat  flour 

50 

52 
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The  nutritive  values  of  leaf  protein  and  fish  meal  for  pigs 
were  compared  by  Duckworth,  Hepburn,  and  Woodham  (J.   Sci.  Food  Agr. 
12 :   16-20,  1961).     The  number  of  days  required  to  reach  100  pounds 
and  the  food  eaten  per  pound  of  gain  on  a  diet  containing  7  percent 
leaf  protein  was  about  the  same  as  with  8  percent  white  fish  meal. 
Waterlow  and  Cruickshank  (Meeting  Protein  Needs  of  Infants  and 
Children,  Publication  No.   843,  National  Academy  of  Sciences,  1961) 
measured  the  absorption  and  retention  of  nitrogen  from  leaf  protein 
concentrates  by  infants  recovering  from  malnutrition.  Infants 
recovered  and  grew  well  when  leaf  protein  constituted  a  major 
source  of  protein  in  their  diets.     I  concluded  that  the  biological 
value  of  properly  prepared  protein  from  green  plants  is  high  and 
good  protein  can  be  obtained  from  many  green  plants. 

Through  the  cooperation  of  Mr.  Dan  Noorlander  of  the  Dairy 
Equipment  Company,  a  small  machine  was  built  in  Madison  to  prepare 
protein  concentrates  from  green  plants  like  alfalfa.     This  machine 
consisted  of  a  hammer  mill  that  discharged  onto  an  endless  belt  that 
passed  over  a  perforated  pulley.     The  juice  in  the  pulped  green 
material  was  squeezed  out  between  the  belt  and  the  pulley.  With 
this  machine  we  could  extract  about  half  the  protein  from  fresh 
green  plants  like  alfalfa. 
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Figure  1.     Average  yield  of  8  essential  amino  acids  per  acre 
harvested  as  forage  or  as  seed  calculated  from  crop  yields 
compiled  by  the  USDA  for  the  years  1953  to  1962 
(W.  R.  Akeson  and  M.  A.   Stahmann,  1966). 
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To  select  the  best  crop  for  processing  for  leaf  protein 
concentrates,  Akeson  and  Stahmann  (W.  R.  Akeson  and  M.  A.  Stahmann, 
Economic  Botany  _20:   244-250,   1966)  compared  the  essential  amino 
acid  production  for  10  common  crops  harvested  as  forage  and  15 
harvested  as  seed  in  the  United  States  for  the  period  1953-1962 
(fig.   1).     The  calculations  were  based  on  average  crop  yields 
reported  by  the  USDA  and  the  amino  acid  composition  of  each  crop. 
The  highest  yield  of  essential  amino  acids  per  acre  was  obtained 
from  forage  crops  that  could  be  processed  into  leaf  protein 
concentrates.     Alfalfa  was  highest  with  an  average' yield  of  300 
pounds  of  essential  amino  acids  per  acre,  soybean  seed  was  next 
with  about  200,  corn  as  a  seed  crop  produced  only  100,  and  wheat 
only  50  pounds  of  essential  amino  acids  per  acre. 
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Figure  2.     Crude  protein  production  for  3  forage  crops  and 
4  seed  crops  based  on  recent  varietal  yield  trials  at 
USDA  Experiment  Station  in  the  Midwest   (M.  A.   Stahmann,  1968). 

When  these  data  were  discussed  ^v'-ith  my  friends  in  agronomy, 
I  was  told  that  it  was  not  fair  to  compare  yields  of  seed  and 
forage  crops  because  farmers  usually  plant  forages  on  their  poor- 
est land  and  forage  crops  have  not  received  the  intensive  breeding 
or  production  effort  given  seed  crops.     They  suggested  we  compare 
protein  production  from  varietal  yield  trials.     Figure  2  shows 
crude  protein  production  for  3  forage  crops  and  4  seed  crops  based 
on  recent  yields  obtained  at  USDA  experiment  stations  in  the  Midwest 
(Stahmann,   1968).     Forage  crops  produce  3  to  10  times  more  crude 
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protein  than  major  seed  crops.     Alfalfa  produces  2,400  pounds, 
sorghum-sudan  2,000,  corn  seed  780,  soybean  seed  700,  and  rice  107 
pounds  of  crude  proteins  per  acre.     From  these  data  I  conclude  that 
forage  crops,  particularly  alfalfa,  which  has  a  long  growing  season 
and  converts  nitrogen  from  air  into  protein,  have  the  potential  to 
produce  the  highest  protein  yields  per  acre.     Such  crops  can  be 
raised  on  poor  soil  and  hillsides  where  they  reduce  erosion  and 
water  pollution. 

The  disadvantage  of  alfalfa  is  that  high  fiber  content 
prevents  its  use  as  major  protein  sources  for  most  animals,  includ- 
ing man.     Only  the  ruminants  have  a  digestive  system  designed  to 
utilize  green  plants  as  their  major  protein  source.     Before  this 
abundant  protein  in  alfalfa  can  be  used  by  other  animals,  including 
man,  it  must  be  separated  from  the  fiber. 

More  research  is  needed  to  evaluate  the  cost  of  growing  and 
processing  alfalfa  and  to  determine  the  market  value  of  both  the 
alfalfa  protein  concentrate  and  its  fibrous  residue.     The  cost  of 
raising  alfalfa  is  less  than  seed  crops  and  since  alfalfa  produces 
more  protein  per  acre,   the  production  costs  per  potential  pound 
of  protein  is  low.     It  seemed  to  me  that  it  would  be  most  profit- 
able to  process  alfalfa  to  obtain  only  part  of  the  protein  as  a 
protein  concentrate  for  use  either  as  a  feed  for  chickens  or  pigs 
or  as  a  base  for  protein  foods  and  to  leave  enough  protein  in  the 
residue  to  make  it  useful  as  a  feed  for  cows.     We  have  spent 
several  years  in  an  evaluation  study,  based  primarily  on  analysis 
of  the  protein  concentrates  and  residues. 

Table  3. — Composition  of  alfalfa,  spray-dried  juice  and 

 residue  (Hartman,  Akeson  and  Stahmann,  1967)  

Pro-  6-caro-     thia-        Ribo-  Xan- 

Sample  tein      Fiber       tene        mine  flavin  thophyll 

%  %   Mg./lOO  g.  


Fresh-cut 


alfalfa 

21 

23 

Spray-dried 
j  uice 

35 

0.7 

53 

0.6 

2.2 

92 

Ethanol- extracted 

dried  juice 
Residue  after 

43 

0.6 

extraction 

16 

35 

Dehydrated 
alfalfa  meal 

18 

24 

16 

0.04 

1.2 

26 

Soybean  meal 

50 

3.2 

0.02 

0.6 

0.3 

Table  3  shows  the 

composition  of 

alfalfa. 

spray-d  ried 

juice,  and  fibrous  residue  prepared  in  1966  (Hartman,  Akeson, 
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and  Stahmann,  J.  Agr.   Food  Chem.   13:   75-79,  1967).     The  fresh- 
cut  alfalfa  contained  21  percent  protein  and  23  percent  fiber. 
With  our  small  machine  we  extracted  43  percent  of  the  protein. 
The  extract  was  spray-dried  to  form  a  green  powder  containing 
35  percent  protein  and  only  0.7  percent  fiber  with  about  40  per- 
cent nitrogen-free  extract,  largely  carbohydrates.     The  residue 
contained  16  percent  protein  and  33  percent  fiber.  Because 
dehydrated  alfalfa  is  an  important  source  of  vitamins  and  pigments 
for  poultry,  we  determined   (table  3)   the  vitamin  content  of  the 
spray-dried  juice.     It  contained  16  times  more  thiamine  than 
dehydrated  alfalfa,  about  2  times  as  much  riboflavin,  3  times 
more  3-carotene,  and  3-1/2  times  more  xanthophyll.     These  data 
clearly  suggest  that  alfalfa  protein  concentrates  would  be  a 
more  valuable  addition  to  poultry  rations  than  dehydrated  alfalfa. 
If  this  process  were  used  in  conjunction  with  a  dehydrating  plant, 
the  cost  of  dehydrating  the  alfalfa  residue  would  be  reduced,  for 
much  of  the  water  would  be  removed  in  the  pressing  operation. 
The  juice  could  be  spray-dried;   the  cost  of  spray-drying  could  be 
reduced  by  first  precipitating  the  protein  with  heat.     Then  the 
filtrate  or  whey,  which  contains  soluble  carbohydrates  and  amino 
acids,  might  be  used  as  a  fermentation  medium  or  feed  supplement. 

Last  summer  Mr.  Oelshlegel  and  Mr.  Schroeder  of  my  labora- 
tory extracted  juice  from  alfalfa  and  waste  green  plant  material. 
Table  4  shows  the  essential  amino  acid  patterns  of  alfalfa  juice 
and  milk  proteins.     It  shows  that  the  amount  of  the  8  essential 
amino  acids  in  alfalfa  juice  is  closely  similar  to  that  recommended 
by  FAG  and  WHO  oj  to  the  essential  amino  acid  composition  of  cow's 
milk.     Thus,   the  proteins  in  alfalfa  have  a  good  distribution  of 
essential  amino  acids.     This  conclusion  is  further  supported  by 


Table  4. — Essential  amino  acid  pattern  in  alfalfa  and  milk 

proteins   (F.  J.  Oelshegel,  Jr.,  J.  Schroeder, 
 and  M.  A.   Stahmann,  unpublished)  


Aro- 

Sul- 

Protein 

Ileu 

Leu 

Lys 

matic 

fur 

Thr 

Tyr 

Val 

(m^ 

I.   amino  aci 

d/g.  essential 

amino 

acid) 

FAO/WHO  ^ 

recommendation 

139 

159 

139 

186 

109 

93 

35 

135 

Alfalfa  juice 

103 

179 

123 

248 

60 

125 

38 

125 

Cow's  milk-'- 

127 

196 

155 

197 

65 

91 

28 

137 

From  1965  FAO/WHO  report  on  protein  requirements. 


data  in  table  5  which  shows  the  ratio  of  total  essential  amino  acids 
to  total  nitrogen  in  alfalfa  and  other  proteins.     Note  that  the 
alfalfa  juice  falls  between  beef  muscle  and  cow's  milk.     All  the 
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analytical  data  clearly  indicate  that  proteins  in  alfalfa  juice 
have  high  nutritive  value. 

Table  5. — Ratio  of  total  essential  amino  acids  to  total 
nitrogen  in  alfalfa  and  f oodstuf f s-*- 


(F.  J.  Oelshegel,  Jr. 

and  M.  A.  Stahmann 

,  unpublished) 

Protein  source 

Essential 

g./g.   total  ratio 

Wheat  gluten 

1.99 

FAO  recommendation 

2.02 

Soya  flour 

2.58 

Beef  muscle 

2.79 

Alfalfa  juice 

2.80 

Cow's  milk 

3.20 

Data  on  foodstuffs  from  1965  FAG/WHO  report  on  protein 
requirements . 


Last  summer  we  studied  silage  production  from  plant  residues. 
The  plant  residues  from  alfalfa  and  waste  plant  materials  such  as 
beet  tops,  carrot  tops,  and  potato  vines,  were  placed  in  plastic 
bags,  evacuated  and  tied.     These  were  stored  at  room  temperatures 
for  a  period  up  to  six  months  or  more.     The  resulting  silage  was 
fed  to  dairy  cows  without  any  preconditioning.     The  cows  readily 
consumed  all  of  the  alfalfa  silage  and  that  from  beet  or  carrot 
tops,   lima  beans,  and  potato  vines.     These  experiments  suggest 
that  high-quality  silage  can  be  readily  produced  from  alfalfa  and 
other  residues  remaining  after  protein  extraction. 

In  my  estimation  the  protein  concentrate  might  be  used  as 
either  a  high-protein,  high-vitamin,  and  xanthophy 11-containing 
concentrate  for  poultry  or  pigs  or  with  further  processing  might 
be  converted  into  food  for  humans  as  has  now  been  done  for  the 
protein  residue  remaining  after  oil  extraction  of  soybean  meal. 
For  many  years  soybean  meal  was  used  only  as  a  feed;  however, 
processes  have  now  been  developed  for  converting  it  into  attrac- 
tive foods.     I  believe  that  with  sufficient  study  attractive  foods 
might  also  be  produced  from  alfalfa  proteins  and  that  research  on 
extraction  and  refining  of  alfalfa  proteins  should  be  encouraged. 

I  am  convinced  that  by  mechanical  processing  of  green 
alfalfa  with  simple  machinery,  half  of  the  protein  could  be 
extracted  away  from  the  fiber  and  the  residue  could  be  dehydrated 
or  ensilaged.     Our  Wisconsin  farmers  could  market  much  more  protein 
per  acre  in  the  form  of  both  alfalfa  protein  concentrates  and 
animal  products  from  cows  fed  alfalfa  residue  plus  urea.     I  think 
that  leaf  protein  could  be  processed  into  attractive  foods,  but 
much  research  is  needed  to  develop  ways  to  introduce  texture  and 
improve  taste. 
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Finally,   the  protein-yield  and  quality-evaluation  studies 
show  that  alfalfa  produces  the  highest  yield  of  good  quality  pro- 
tein per  acre.     Assuming  that  alfalfa  hay  is  20  percent  protein  and 
a  50  percent  extraction  of  protein,  a  calculation  using  the  1964 
average  alfalfa  hay  yield  of  2.4  tons  per  acre  reported  by  USDA 
shows  that  one  could  extract  470  pounds  of  alfalfa  protein  per  acre. 
Considering  the  v7orld  population  of  1964  as  3.2  billion  and  an 
average  need  for  35  grains  of  protein  per  person  each  day  as 
recommended  by  FAG,  we  have  calculated  that  enough  alfalfa  protein 
to  meet  the  needs  for  the  entire  world's  population  could  be 
produced  on  302,000  square  miles.     This  is  only  12  percent  larger 
than  the  state  of  Texas.     There  would  remain  an  equal  amount  of 
protein  in  the  alfalfa  residue  which  could  be  dehydrated  or  - 
ensilaged  and  fed  to  cows  to  produce  additional  milk  and  meat. 

Our  conclusion  that  alfalfa  has  the  greatest  potential  of 
the  common  crops  for  producing  high-quality  protein  is  supported  by 
work  recently  reported  from  the  Central  Food  Technological  Research 
Institute  at  Mysore,  India.     Dr.  N.   Singh  has  studied  the  extrac- 
tion of  leaf  protein  and  concluded  that  alfalfa  can  produce  the 
highest  yields  of  good  quality  protein  (N.   Singh,  International 
Symposium  on  Protein  Foods  and  Concentrates,  Mysore,   India,  1967). 
He  recently  reported  that  as  a  supplement  to  protein-deficient 
diets,  alfalfa  protein  is  better  than  skimmed-milk  powder.  Feeding 
trials  with  children  for  growth-promoting  values  showed  that  the 
alfalfa  protein  is  a  satisfactory  supplement  to  protein-  and 
lysine-def icient  diets.     The  alfalfa  protein  was  satisfactorily 
incorporated  at  different  levels  into  various  common  Indian  dishes 
and  certain  processed  foods. 

I  believe  a  large  market  for  alfalfa  protein  concentrates 
will  develop,   first  in  India  and  other  Asian  countries.     It  seems 
to  me  that  alfalfa  dehydrators  or  alfalfa  producers  could  remove 
part  of  the  water  and  protein  by  mechanical  processing  before 
dehydrating  or  ensilaging  the  residue.     They  would  thus  obtain  a 
new  high-quality  protein  concentrate  that  could  be  marketed  as  a 
feed  for  poultry  or  pigs  or  further  processed  into  a  food  for 
undeveloped  nations  where  protein  supplies  are  already  critical. 
In  my  estimation,  green  plants  like  alfalfa  will  continue  to  be 
our  major  source  of  protein.     I  am  convinced  that  in  the  future, 
mechanical  processes  to  concentrate  the  protein  from  green  plants 
like  alfalfa  will  be  utilized  and  will  play  an  important  role  in 
meeting  the  protein  needs  for  an  expanding  world  population. 
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WET  PROCESSING  OF  ALFALFA  FOR  ANIMAL  FEED  PRODUCTS 


G.  0.   Kohler,  E.  M.   Bickoff,  R.  R.  Spencer, 
S.  C.  Witt,  and  B.   E.  Knuckles 
Western  Utilization  Research  and  Development  Division 
Agricultural  Research  Service,  USDA,  Albany,  California 

Interest  in  the  wet  processing  of  alfalfa  is  not  new  in  our 
Division  in  Albany,  Calif.     We  worked  in  this  field  over  25  years 
ago  and  reported  results  in  an  article  in  Chemurgic  Digest   (2)  in 
1947.     That  paper  described  a  process  for  development  of  a  fiber- 
rich  meal  and  a  protein-rich  concentrate  devoid  of  fiber.     At  that 
time  many  dehydrators  felt  that  such  a  process  would  not  be 
economical  because  it  was  difficult  to  find  a  market  for  the 
residual  cake  after  expression  of  juice.     It  was  assumed  that  this 
product  would  have  to  compete  with  dehydrated  meal  itself.  How- 
ever, several  important  developments  have  occurred  that  make  such 
a  process  much  more  feasible  now.     One  is  the  trend  toward  larger 
and  larger  feedlots  which  make  it  logical  to  consider  employment 
of  the  high-fiber  product  in  areas  close  to  alfalfa  processing 
plants.     It  is  quite  possible  that  some  of  the  pressed  cake  might 
be  so  utilized  without  any  further  drying.     Present  trends  are  to 
feed  cattle  high-energy  rations  of  mostly  grains  and  minimal 
amounts  of  roughage  (e.g.   6  to  12  percent  roughage  with  long  fibers). 
The  press  residue  of  alfalfa  could  supply  this  roughage.     The  prod- 
uct could  be  dried  and  pelleted  without  grinding  where  storage  and 
shipping  are  necessary.     For  some  purposes  where  relatively  lower 
protein  is  desired  than  standard  dehy  (e.g.  sheep,  rabbits,  horses), 
the  pressed  residue  could  replace  hay. 

Another  development  is  the  trend  toward  higher  and  higher 
energy  rations  for  chicks  which  has  forced  a  decrease  in  the  use 
of  alfalfa  in  poultry  diets.     At  present  the  high  carotene  and 
xanthophyll  concentrate,  which  is  low  in  fiber  and  high  in  protein, 
should  find  a  ready  market  in  the  poultry  industry  (6).     A  third 
factor  is  the  increasing  emphasis  on  development  of  new  high- 
protein  foods  directly  from  plants  to  feed  the  hungry  peoples  of 
the  world.     Alfalfa  protein  has  been  found  nutritionally  suitable 
for  human  use. 

These  important  developments  have  led  to  our  re-entry  into 
this  field  during  the  past  5  to  6  years.     Initially  we  developed 
several  Public  Law  480  projects  in  soft-currency  countries.  Two 
years  ago  we  re-initiated  work  in  our  laboratory  in  Albany,  Calif. 
About  that  time  we  were  visited  by  Wm.   Batley,  Jr.,  and  Wm.  Batley, 
Sr.,  of  Batley-Janss  Enterprises  who  had  independently  conceived 
the  idea  of  improving  the  utilization  of  alfalfa  by  tailor-making 
specialized  products  for  ruminant  and  nonruminant  animals.  Our 
mutual  interest  in  this  type  of  processing  led  to  development  of  a 
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cooperative  research  effort  formalized  under  a  Memorandum  of 
Understanding  which  makes  it  clear  that  the  research  will  benefit 
the  entire  forage  industry  of  the  U.S.A.  as  well  as  the  general 
public. 

Our  part  of  this  agreement  is  to  develop  chemical,  mechan- 
ical or  fractionation  processes  on  a  laboratory  scale  or  where 
necessary  a  pilot-plant  scale.     Batley-Janas ' s  responsibility  is 
to  develop  pilot  and  large-scale  equipment,  supply  materials,  and 
cooperate  with  us  in  carrying  out  experimental  work  in  their  plant. 
No  exchange  of  funds  takes  place  in  this  type  of  arrangement. 

Much  of  the  work  has  been  concerned  with  the  development  of 
machinery  for  the  extraction  of  juice.     Then  the  juice  can  be 
further  processed  by  conventional  methods.     In  the  leaf  materials 
all  of  the  protein  is  enclosed  in  tough,  lignified,  cellulosic 
cell  walls.     The  tiny  bodies  called  chloroplasts  are  largely  made 
up  of  protein  but  they  also  contain  all  of  the  carotene,  xantho- 
phylls,  vitamin  E,  chlorophyll,  and  other  lipids  of  the  leaf.  The 
nucleus  contains  another  type  of  protein  as  does  the  cytoplasm. 

There  is  a  substantial  body  of  literature  on  protein  extrac- 
tion from  leaves.     From  the  work  done  in  our  laboratory  and  others, 
the  following  may  be  concluded.     To  extract  these  materials  from 
plants,  the  cell  walls  must  be  ruptured,  and  the  protein-rich  cell 
juice  expressed,  leaving  a  fibrous  residue.     As  Slade  and  others 
(24)  showed,  the  plant  material  must  be  fresh,  because  wilting  or 
heating  reduces  the  amount  of  protein  extracted.     Further,  Pirie 
(19)  demonstrated  that  extraction  should  be  carried  out  rapidly 
with  a  minimum  of  heating.     The  maceration  method  of  choice  will 
break  a  maximum  number  of  cell  walls,  without  severely  damaging 
the  fiber. 

Tilley  and  coworkers  (27,28)   classified  and  discussed  large- 
scale  machinery  which  has  been  developed  thus  far  into  four  types 
according  to  the  method  used  for  maceration.     The  following 
discussion  of  equipment  is  essentially  taken  from  Tilley 's  review 
of  the  extraction  and  utilization  of  leaf  protein. 

(a)  Moving  knives .  Employed  by  Ereky  in  1927  (7).  Herbage 
is  pulped  in  the  narrow  space  between  two  concentric  sets  of  knife 
blades,  one  fixed  and  the  other  revolving  at  high  speed. 

(b)  Hammer  mills.     Employed  by  Smith  (25)  ;  Bickof f  and  others 
(2);  Kohler  and  Graham  (11);  Pirie  (20);  Raymond  and  Tilley  (23). 
Pulping  of  herbage  occurs  between  hammers  fixed  on  a  revolving 
shaft  and  the  outer  casing  of  the  mill,  which  may  be  smooth  or 
fitted  with  bars  as  in  the  Reitz  disintegrator  used  by  us  in  our 
earlier  studies. 
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(c)  Rollers .     Employed  by  Goodall   (8)  and  Slade  and  others 

(24)  .     Adaptations  of  the  grooved-roll  sugar-cane  mill  have  been 
used  to  crush  herbage  and  express  juice  in  one  operation. 

(d)  Screw  expellers.     Employed  by  Fowling  and  Fowling, 
World  Crops  (29)  ,  and  Tallarico  (26)  who  designed  screw  expellers 
for  the  specific  purpose  of  extracting  juice  from  herbage.  The 
former  machine  has  a  single  screw,  the  latter  a  double-worm  action. 
Screw  expellers  have  also  been  used  by  Slade  and  others  (24) ;  the 
Nebraska  Chemurgy  Froject  (14);  Dawson  (4);  Ayala  and  Johnson  (1); 
Kohler  and  Graham  (11);  Miller  (13);  Deijs  and  Sprenger  (5);  and 
Isaj  ev  (9) . 

All  these  machines  have  been  designed  for  continuous  oper- 
ation.    Both  the  moving-knife  and  the  hammer  mill  machines  require 
a  press  for  the  separation  of  juice  from  the  pulped  herbage.  For 
this  purpose  Bickoff  and  others  (2)  used  a  hydraulic  press,  Smith 

(25)  and  Kohler  and  Graham  (11)  a  screw  press,  and  Pirie  (21)  a 
hydraulic  ram  press  with  automatic  feed.     Tilley  and  others  (28) 
and  Raymond  and  Tilley  (23)  used  a  Fowling  screw  expeller  (World 
Crops,  1953)  to  complete  the  maceration  and  express  the  juice  from 
herbage  which  had  been  partially  broken  down  in  a  hammer  mill 
(Pirie,  20).     Either  a  force  feeder  or  a  prebreaker  may  be  required 
to  compact  herbage  before  it  is  fed  into  a  screw  expeller;  and  a 
"Robust"  chopper  (World  Crops  (29)),   or  a  pair  of  grooved  rollers 
(Tallarico,  26)  have  been  used  for  this  purpose.     Firie  in  1956 
stated  that  a  moving-knife  machine  tends  to  chop  the  crop  into 
small  pieces  from  which  juice  is  difficult  to  separate,  while 
rollers  have  low  efficiency  (due  to  the  short  duration  of  pressure). 
Repeated  crushing  (as  in  the  extraction  of  juice  from  sugarcane) 
may  be  necessary. 

Let  me  turn  now  to  the  earlier  work  in  our  laboratory  in 
the  1940's.     In  this  work  where  small  steel  juicing  rolls  were 
used  it  was  found  necessary  to  employ  also  a  hydraulic  press  to 
remove  most  of  the  juice.     The  total  weight  of  juice  obtained  by 
a  combination  of  roll  and  hydraulic  pressing  averaged  about  75 
percent  of  the  weight  of  the  fresh  alfalfa.     The  steel  rolls 
were  6  inches  in  diameter  and  20  inches  in  length.     They  were 
arranged  horizontally  one  above  the  other  in  such  a  manner  that 
a  plane  through  their  axis  was  inclined  slightly  from  the  vertical 
in  the  direction  of  the  feeder,  enabling  the  juice  to  drain  readily 
from  the  lower  roll  against  the  direction  of  rotation.     The  speed 
of  the  rolls  was  maintained  at  not  more  than  14  revolutions  per 
minute  to  permit  juice  to  drain  rapidly  and  freely  from  the  pressed 
alfalfa.     Steel  doctor  blades  were  provided  to  press  against  the 
surface  of  the  rolls  on  the  discharge  side  of  the  stand  to  remove 
crushed  pulp  and  prevent  its  return  to  the  feed  side. 
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Yield  data  were  in  accord  with  Pirie's  observations  regarding 
rolls.     He  stated  that  use  of  single-stage  machines  such  as  rollers 
or  screw-expellers  is  basically  unsound,  as  the  operations  of  macer- 
ation and  juice  expression  are  distinct  and  cannot  be  efficiently- 
combined  in  one  machine.     However,   in  his  studies  he  was  primarily 
concerned  with  expressing  the  maximum  quantity  of  juice  and 
protein  and  only  secondarily  with  possible  utilization  of  the 
residual  pressed  cake. 

We  initially  took  the  same  approach.     However,  our  present 
objective  is  to  prepare  products  in  which  at  least  half  of  the 
original  protein  still  remains  with  the  fiber  fraction  so  that  it 
is  still  useful  for  cattle  feed.     Juicing  rolls  have  the  definite 
advantage  over  other  types  of  crushing  the  plant  and  expressing 
the  juice  simultaneously,   thus  making  it  possible  to  employ  them 
in  a  fully  automated  continuous  process.     The  earlier  objections 
of  Pirie  may  be  partially  overcome  by  use  of  rolls  capable  of 
exerting  very  high  pressures.     Large-scale  rolls  are  not  new  to 
industry  and  are  being  extensively  used  in  both  the  food  and  steel 
industries . 

For  our  more  recent  study  of  juicing  rolls,  Batley-Janss 
adapted  a  set  of  barley  rolls  for  use  in  alfalfa  crushing  by 
machining  them  smooth  and  setting  them  in  a  cluster  of  three.  In 
a  series  of  test  runs,  the  rate  of  feed  of  alfalfa  into  the  rolls 
was  studied.     The  rate  was  varied  from  288  to  1520  pounds  per 
hour.     The  efficiency  of  each  rolling  was  determined  by  the  per- 
centage of  juice  (by  weight)  removed  from  the  alfalfa.     The  juice 
removed  ranged  from  41  to  50  percent  of  the  weight  of  the  fresh 
alfalfa.     At  the  higher  feed  rates  it  was  necessary  to  carry  out  a 
second  rolling  to  reach  the  40  to  50  percent  recovery  range.  The 
juice  was  heat-coagulated  to  form  a  protein  concentrate  which  was 
then  separated  by  centrif uging.     In  one  run  1,520  pounds  of  fresh 
alfalfa  yielded  29.6  pounds  of  dry  protein  concentrate,   52  pounds 
of  dry  brown  juice  and  350  pounds  of  dried  press  cake.  The 
alfalfa  used  was  low  grade  and  relatively  dry,  so  that  yield  data 
are  minimal. 

These  and  other  preliminary  results  with  rolls  appeared 
sufficiently  promising  to  warrant  larger  scale  studies.  Accord- 
ingly, Batley-Janss  has  installed  a  full-scale  set  of  sugarcane 
juicing  rolls,  and  we  have  installed  a  pilot-plant  set  of  cane 
test  rolls  in  our  laboratory.     Results  to  date  show  that  cane 
rolls  will  satisfactorily  handle  large  volumes  of  alfalfa. 
Research  is  now  under  way  to  determine  the  effects  of  such  vari- 
ables as  roll  speed,  pressure,  degree  of  chop,  pH,  antioxidant 
treatment,   etc.  on  xanthophyll  and  protein  recoveries. 

Possible  products  that  might  be  obtained  through  wet 
processing  are  shown  in  figure  1.     By  putting  the  roll  juice  through 
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Figure  1.     Flow  sheet  for  wet  processing. 

a  heating  and  filtering  system,  a  protein  coagulum  is  obtained 
which  contains  all  of  the  carotene  and  xanthophyll  of  the  juice  and 
a  large  proportion  of  the  protein.     The  clarified  juice  may  be 
processed  in  several  ways.     It  may  be  added  back  to  the  pressed 
cake  to  increase  its  vitamins,  salts,  and  possibly  UGF  (unidentified 
growth  factor)   content,  or  it  might  be  put  through  a  vacuum  concen- 
trator to  form  a  thick  sirup,  or  it  might  be  spray-dried. 

Since  the  wet  protein  coagulum  spoils  rapidly,   it  must  be 
preserved  in  some  manner.     Drying  it  into  a  free-flowing  powder 
gives  a  product  that  can  be  easily  handled  and  used  in  animal 
rations.     Several  drying  methods  can  be  used.     Dr.   Stahmann  has 
discussed  the  use  of  spray-drying  and  has  shown  it  to  be  an 
excellent  means  of  preserving  the  nutritive  and  pigmenting  value 
of  the  protein  concentrates.     Freeze-dry ing  also  gives  an  excel- 
lent product,  and  we  use  it  extensively  for  small  samples.  However, 
we  feel  that  these  methods  are  not  practical  on  a  large  scale  where 
cost  is  critical.     Perhaps  the  least  expensive  drying  method  for 
use  in  a  commercial  process  is  drum-drying.     We  have  investigated 
the  feasibility  of  this  method  for  large  quantities  of  the  protein 
coagulum  and  have  found  that  an  easily  handled  product  can  be 
produced.     Our  studies  show  that  under  proper  conditions  little 
loss  of  carotene  and  only  a  20  percent  loss  of  xanthophyll  occurs, 
even  over  a  wide  range  of  temperature.     The  drum-dried  material 
has  a  much  darker  green  color  than  freeze-dried  material. 

The  wet  protein  coagulum  can  also  be  separated  into  a 
chlorophyll-carotene-xanthophyll  concentrate  and  a  relatively 
bland,   light-tan  protein  by  use  of  solvent  extraction  procedures 
such  as  are  used  in  the  preparation  of  fish  flour.     Slade  and 
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others  (24)  reported  that  coagulation  at  an  alkaline  pH  followed 
by  extraction  with  amyl  alcohol  reduced  the  color  and  bitter  flavor 
of  the  coagulum.     Pirie  (22)  has  pointed  out  that  a  number  of  other 
alcohols  as  well  as  acetone  can  be  used  for  this  purpose.     We  have 
compared  the  efficiency  of  acetone,  methyl  alcohol,  normal  propyl 
alcohol,  and  isopropyl  alcohol  in  extracting  the  carotenoids  and 
nonprotein  material.     Isopropyl  alcohol  and  normal  propyl  alcohol 
can  remove  most  of  the  carotenoids  and  green  materials  with  two 
extractions . 

In  small-scale  laboratory  trials,  V7e  have  also  found  that 
the  carotene  and  xanthophylls  can  be  partially  separated  from  one 
another  by  continuous  washing  of  a  Celite-wet  protein  coagulum 
mixture  packed  in  a  glass  column  with  increasing  amounts  of  methyl 
alcohol  in  water.     In  this  manner  fractions  containing  as  much  as 
9,800  mg.   of  carotene  per  pound  have  been  prepared. 


In  the  course  of  recent  investigations  into  losses  of  carot- 
enoids during  dehydration  by  Livingston  and  coworkers  in  our 
laboratory   (12)  ,  we  were  im.pressed  by  the  magnitude  of  the  apparent 
loss  of  xanthophyll  in  fresh  alfalfa  between  cutting  and  entry  into 
the  dehydrator.     Since  these  losses  may  approximate  50  percent  in 
commercial  practice,  a  means  of  reduction  or  prevention  would  be 
valuable  from  the  standpoint  of  both  vitamin  content  and  pigmenta- 
tion potency  of  the  meal.     Ethoxyquin  now  commonly  added  to 
alfalfa  after  dehydration  for  preservation  of  carotene  has  been 
found  by  Knowles  and  coworkers   (10)  in  our  laboratory  to  be 
effective  in  protecting  carotenoids  in  fresh  alfalfa  between 
cutting  and  dehydration. 

We  also  observed  an  additional  30  to  40  percent  loss  of 
carotene  and  xanthophyll  during  the  crushing  operation.  Previous 
workers  have  shown  that  this  loss  is  due  to  enzymatic  and  oxidation 
reactions.     Bondi  and  his  coworkers  under  USDA  P.L.  480  contract  (3) 
have  studied  the  nature  of  these  destructive  processes  and  factors 
influencing  them.     They  found  several  carotene-destroying  enzyme 
systems  in  alfalfa  and  showed  that  pH  has  a  definite  effect  on 
the  carotene-destroying  activity  of  these  enzyme  systems.  The 
maximum  destruction  occurred  in  the  range  of  pH  6.6  to  6.8  and 
dropped  off  rapidly  as  the  pH  was  increased.     In  fact,  Peebles  and 
coworkers  (15,16,17,18)  have  observed  this  same  loss  and  have 
patented  the  use  of  aqueous  ammonia  for  reducing  carotene  loss  of 
fresh  alfalfa.    We  have  made  some  preliminary  laboratory  studies 
on  the  use  of  base  in  reducing  carotene-xanthophyll  loss  during 
grinding.     Our  results  suggest  that  by  proper  application  of 
aqueous  ammonia  prior  to  grinding,  most  of  the  carotenoid  loss 
can  be  eliminated. 

Treatment  by  a  combination  of  acid  and  steam-blanching  has 
also  been  shown  to  reduce  carotene  loss.     However,  acid  and  heat 

-  76  - 


also  tend  to  coagulate  the  protein  in  the  fiber  fraction  and, 
therefore  make  impossible  the  preparation  of  an  isolated  protein 
concentrate . 

I  should  like  to  close  with  a  brief  mention  of  some  econ- 
omic considerations.     This  morning  Reed  Taylor  presented  some 
parametric  linear  programming  data  on  a  40-percent  protein  dehy. 
This  product  was  the  drum-dried  protein-xanthophy 11  concentrate 
from  the  process  I  have  discussed.     The  nutrient  values  used 
were  very  conservative,  but  the  product  entered  the  broiler 
ration  at  a  price  of  $390  per  ton.     Our  goal  is  to  obtain  great 
enough  yields  to  permit  the  dehydrated  press  cake  to  compete 
with  sun-cured  hay  for  ruminants.     If  local  markets  are  at  hand 
for  undried  press  cake,   the  economic  soundness  would  be  further 
assured.     The  potential  for  several  byproducts  points  to  the 
possibility  of  further  greatly  increasing  returns. 

Summary .     Progress  is  being  made  in  development  of  equipment 
and  products  by  wet  processing  of  alfalfa.     This  approach  to 
alfalfa  processing  is  expected  to  lead  to  a  wide  variety  of  prod- 
ucts including   (a)  a  xanthophyll  concentrate  for  poultry  rations, 
(b)  a  protein  concentrate  for  poultry  and  swine  rations,    (c)  a 
water-soluble  UGF  concentrate  (e.g.  brown  juice),    (d)  a  low-cost 
feed  product (s)  for  ruminants,  and  (e)   if  flavor  problems  are 
solved,  a  protein  isolate  for  human  food. 
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PARAMETRIC  LINEAR  PROGRAMMING  EVALUATION  OF  ALFALFA 
MEAL  IN  POULTRY  AND  SWINE  RATIONS. 


Reed  D.  Taylor,  George  0.  Kohler,  and  Kenneth  H.  Maddy 

The  value  of  a  given  feed  ingredient,  like  dehy,  is  dependent 
on  many  factors:     (a)  Its  composition,   (b)  specifications  of  the 
ration  being  considered,    (c)  availability,  composition,  and  prices 
of  competitive  Ingredients,  and  (d)   items  such  as  contractual 
arrangements  between  buyers  and  sellers. 

If  all  feed  ingredients  supplied  single  positive  factors  and 
no  detrimental  factors,  feed  formulation  would  be  simple.  The 
ingredient  that  supplies  a  specific  requirement  at  least  cost  per 
unit  would  always  be  selected.     Competitive  ingredients  would  be 
evaluated  in  relationship  to  it.     An  ingredient  supplying  nutrients, 
vitamins,  and  minerals  in  the  exact  proportions  called  for  by  a 
ration  also  would  simplify  feed  formulation.     Most  feed  ingredients, 
however,  are  rich  in  some  essential  nutrients  and  deficient  in 
others.     Dehy  is  not  an  exception. 

The  object  of  feed  formulation  is  to  combine  ingredients  in 
such  a  manner  that  ration  requirements  are  met  at  the  lowest  possi- 
ble cost.     Ingredients  are  competitors  in  meeting  ration  requirements 
and  because  of  their  multifactor  composition  this  evaluation  becomes 
complex.      As  an  example,  for  one  combination  of  prices,  dehy  m.ay  be 
competing  with  soybean  meal  as  a  source  of  tryptophan,  while  for 
another  combination  it  may  be  metabolizable  energy.     iN^iile  competing 
with  soybean  meal  for  these  factors  it  will  be  competing  with  other 
ingredients  for  the  same  factors  plus  a  multitude  of  others.  Linear 
programming  and  a  modern  electronic  computer  are  required  to  handle 
this  complexity  of  substitutions. 

This  paper  is  an  extension  of  Agricultural  Economic  Report 
No.   130,  Alfalfa  Meal  in  Poultry  Feeds  -  An  Economic  Evaluation 
Using  Parametric  Linear  Programming   (2).     That  report  is  recom- 
mended for  a  better  understanding  of  parametric  linear  programming, 
its  use  in  ingredient  market  analysis,  and  in  research  evaluation. 

Parametric  linear  programming.     This  method  is  a  further 
development  of  linear  programming.     It  adds  a  degree  of  flexibility 
to  an  otherwise  rigid  structure.     Its  use  enables  one  to  para- 
meterize (to  analyze  at  different  levels)  at  least  one  coefficient. 


Respectively,  Project  Specialist,  New  Enterprise  Division, 
Monsanto  Co.,   St.  Louis,  Mo.;  Chief,  Field  Crops  Laboratory, 
Western  Utilization  Research  and  Development  Division, 
Agricultural  Research  Service,  USDA,  Albany,  Calif.;  and 
Manager,  Special  Projects,  New  Enterprise  Division, 
Monsanto  Co. 
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The  coefficient  may  be  either  a  ration  requirement,  ingredient 
component,  or  price.     In  least-cost  feed  analyses  price  is  usually 
chosen  as  the  flexible  item.     The  researcher  chooses  that  ingredi- 
ent he  wants  to  study,  and  then  lets  price  range  through  a  broad 
spectrum  to  determine  effects  of  change.     The  prices  of  competing 
ingredients  remain  fixed. 

Linear  programming  was  first  used  in  evaluating  dehy 
approximately  ten  years  ago  by  Hobart  R.  Halloran  of  Halloran 
Research  Farm,  Inc.    (1).     This  early  study  was  a  classic  in  the 
use  of  computers  in  market  research.     Further  developments  in 
computer  technology  have  greatly  increased  the  value  of  this 
quantitative  procedure  in  determining  the  value  of  ingredients 
and  their  interrelationships. 

Procedure.     Dehy  was  tested  with  a  mathematical  matrix 
developed  by  the  Monsanto  Company  and  modified  for  the  present 
study.     Computer  runs  were  made  at  the  Monsanto  center  at  St.  Louis, 
Mo.     The  test  matrix  had  over  50  ration  specifications  and  consid- 
ered up  to  100  ingredients.     Computers  could  easily  handle  much 
larger  matrices,  but  this  matrix  was  large  enough  for  present  feed 
formulation  technology.     In  fact,  only  34  ingredients,  other  than 
dehy,  were  included  in  the  matrix.     At  the  time  of  the  test,  these 
feedstuffs  were  in  sufficient  supply  for  consideration  in  the 
Missouri,  Massachusetts,  and  California  markets. 

A  20-percent  protein  dehy  sample  and  a  40- percent  protein 
experimental  leaf-protein-xanthophyll  product  were  analyzed  by 
scientists  of  the  Western  Utilization  Research  and  Development 
Division  of  USDA.     Where  data  were  incomplete  for  the  experimental 
high-protein  product,   estimates  were  made  based  on  known  composi- 
tion (e.g.  metabolizable  energy)   (table  1).     The  experimental 
product  (dehy  40)  is  not  a  conventional  dehydrated  alfalfa  product. 
In  each  test  the  specific  product  to  be  tested  was  included  in  the 
matrix.     The  prices  for  all  other  ingredients  were  held  constant 
while  the  price  of  dehy  was  allowed  to  vary  from  $1,000  to  $0.0 
per  ton. 

Dehy  20  was  analyzed  in  broiler-finisher,  swine-finisher, 
and  layer  rations  (table  2).     It  was  further  investigated  in  the 
broiler-finisher  ration  in  Missouri,  Massachusetts,  and  California 
which  presented  situations  diversing  greatly  in  ingredient  avail- 
ability and  prices.     Table  3  lists  the  ingredients  used  and  their 
prices.     Dehy  40  was  analyzed  in  the  broiler- f inisher  ration  at 
Missouri  prices. 

A  comparison  of  the  value  curve  for  dehy  20  in  the  broiler- 
finisher  ration  at  Missouri  prices  with  that  shown  in  Agricultural 
Economic  Report  130  will  disclose  some  slight  differences.  These 
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resillted  from  continual  up-dating  of  matrix  elements  by  the  Monsanto 
Company.  Economic  analyses  were  made  in  both  cases  after  nutrition- 
al parameters  were  established. 

Intrinsic  value  of  dehy  20.     Dehy,  20  percent  protein,  is 
produced  by  most  dehydrators.     In  a  broiler-finisher  ration  (fig.  1) 
its  value  varied  inversely  to  the  amount  used.     No  alfalfa  came  into 
the  ration  until  the  price  was  reduced  to  $80  a  ton.     At  this  price 
the  ration  included  0.6  percent  dehy.     At  $74  the  amount  increased 
to  2.0  percent,  and  then  to  3.1  percent  at  a  price  of  $66  per  ton. 

Table  1. — Nutrient,  vitamin,  and  mineral  analysis  of  dehydrated 
 alfalfa  meals  of  differing  protein  content  


Dehy  with  protein  content  of 


Item 

*  Unit 

'  20% 

•  40^ 

• 
• 

• 
• 

:  1351. 

•  26on 

<  tr 

:  1501. 

:  2888. 

:  3.6 

:  7.2 

•  It 

:  21.1 

:  3.0 

•  ti 

:  1.3 

:  6.0 

•  It 

:  0-27 

*  tt 

i  0.884 

:  1.9 

•  11 

!  1.008 

:  2.08 

•  It 

:  0.324 

:  .71 

.  ti 

!  0.536 

I  1.12 

.  tt 

:  0.884 

I            2  4 

.  tt 

!  0.488 

i  .98 

•  It 

5  1.524 

i  3.35 

•        It  , 

;       0.984  1 

!  2.00 

•        If  1 

1        1.020  ! 

!  2.32 

Phenylalanine  +  Tryosine.. 

•        tt  , 
»  •  « 

1.626  : 

3.57 

•        It  . 

0.872  : 

1.77 

•        II  • 

1.172  : 

2.52 

•        tt  . 

0.406  : 

.87 

310.  : 

1800. 

309.  : 

750. 

18.  : 

36. 

•        ft  . 

1620.  : 

3400. 

•        It  * 

15.  : 

27. 

<        It  • 

55.  : 

70. 

•        It  . 

33.  : 

80. 

.        II  . 

•  • 

•  • 

140.  : 

280. 
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Table  2. — Broiler-finisher,  swine-finisher  and  layer  ration  specifications  used 
in  the  parametric  linear  programming  testing  of  dehydrated  alfalfa  meal 


Spec  ification 

:  Unit 

:  Specific- 
:ation  type 

\  Broiler 
finisher 

llati  on 
:  Layer 

:  Swine 
:  finisher 

:  Cal/kg. 

:  Minimum 

:  3200. 

:  2970. 

:  3200. 

:  Percent 

:  Maximum 

:  10. 

:  10. 

:  10. 

•  M 

•  II 

:  8. 

:  8. 

:  8. 

•  M 

:  Minimum 

:  .8 

:  3.25 

:  .5 

.  tl 

•  II 

:  .h 

:  .45 

:  .4 

.  II 

•  II 

:  1.03 

:  .5 

:  .138 

>  II 

•  i< 

:  .8 

:  .2 

>  II 

.  II 

:  .38 

:  .3 

:         .  194 

•  M 

•  II 

:  .725 

:  .51 

:  .39 

.  II 

.  II 

!  1.03 

:  .625 

:  .48 

II 

I  II 

•          ,  185 

!         .  148 

.  12 

»  II 

II 

.6 

II 

I  II 

.4 

II 

>  II 

:  .28 

II 

.  II 

.4 

II 

II 

.39 

II 

»  II 

!  .40 

II 

p  II 

!  .15 

»  11 

i  Ma  X i  mum 

!  20. 

:  20. 

20. 

II 

II 

!  10. 

10. 

20. 

II 

Equal i  ty 

100. 

100. 

100. 

II 

II 

.0125 

.0125 

.0125 

II 

II 

.4 

.35 

.4 

II 

II  t 

.  15 

.  1 

.15 

Mg . /kg . 

Minimum  ; 

12. 

13. 

Mile   : 

Perc  ent 

Maximum 

50. 

50. 

70. 

II 

II  . 

5.  ! 

5.  ; 

20. 

II  . 

11  • 

5.  ! 

5.  : 

10. 

II  * 

II  < 

2.5  ! 

2.5 

2.5 

II 

Maximum 

3.  ! 

3.  i 

3. 

Fish  oil  

II  < 

II 

1. 

1 .  : 

1. 

II 

II  * 

20. 

70.  : 

40. 

Mg./kg.  : 

Minimum  j 

1430. 

990.  : 

660. 

II  ■ 

II  < 

5.5  : 

3.52 

4.4 

II  . 

II  • 

44.  ! 

33.  : 

33. 

II 

II  ■ 

14.3  : 

6.6  ! 

11. 

MlU/kg. 

II  < 

6.6 

8.8  ! 

2.2 

Vitamin  D12  

Meg. /kg. 

II  . 

8.8  : 

6.6  : 

11. 

Mg/kg. 

II 

1.1 

1.1 

MICU/kg. 

II  . 

.88 

.88  : 

.55 
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Table  3. — Prices  of  feed  ingredients,    Missouri,  Massachusetts, 
California  -  December  1956 


Ingredient 


Missouri 


L  0  C  A  T  I  0  N 
Massachusetts 


California 


Mile  

Corn  

Oats  

Barley  meal  

Cottonseed  ML-50. 


Soybean  meal  (kkfo  protein)  

Soybean  meal  {30f'>  protein)  

Corn  gluten  meal  (lov  prutein), 
Corn  gluten  meal  (GOfo  protein), 
Corn  distillers  sol  


(65^  protein), 


Dried  whey. . , . 
Fishmeal,  sardine 

Meat  and  bone  scraps  (50/^0  protein), 
Meatmeal  {55fo  protein), 
Bone  meal  steanied  


Feather  meal  (85/»  protein)  

Poultry  byproduct  meal  (55/^  protein).,. 

Fat,  vegetable  

Calcium  carbonate  

Defluorinate  phosphorus  (18. OJ^  avail.), 

Dicalcium  phosphate  (18.5^  available),. 

phosphorus)  

Choline  chloride  {lOfo  choline)  

Choline  chloride(25/o  choline)  

Salt  

Trace  minerals  


45.00 
54.00 
51.00 
55.00 


98.00 
113.45 
101.00 
159.36 


101.00 

172.00 
117.00 


110.00 

115.00 
152.00 

8.00 


96.00 
270.00 

20.00 
310.00 


Ethoxyquin   :  2236.36 

MHA  (methionine  hydroxy  analogue   :  1854.54 

Vi  tail  in  A  (325  MM  lU/kg)   :  8400.00 

Vitamin  D3  (400  MM  ICU/kg)   :  658I.8I 

Vitamin  K  (282  gm/kg)   :  12909.00 


Vitamin  B12  (44  mg/kg)  

Niacin  {lOfo)  

Riboflavin  (lOfo)  

Pantothenic  acid  (80.5^)  2/. 


240.00 
204.55 
2454.25 
1309.09 


(Dollars/ton) 


56.36 

52.00 
60.00 
54.64 
52.64 
95.00 

126.00 

126.00 

167. 18 
72.36 

65.78 

104.64 
125. 18 

98.00 
173.36 

130. 18 
65.64 

106.00 
144.64 
166.00 
11.00 
78.00 

171.64 
14.00 
86.36 

270.00 
127.27 
32.00 
310.00 

270.00 
127.27 
28.00 
310.00 

2236.36 
1854. 54 
8400.00 
658I.8I 

12909.00 

2236.36 
1854. 54 
8400.00 
658I.8I 
12909.00 

240.00 
204.55 
2454.25 
1309.09 

240.00 
204.55 
2454.25 
1309.09 

17    Prices  were  quoted  by  the  Monsanto  Company  as  being  available  to  large  feed 

forinulators  in  December  I966. 
2/    In  the  form  of  calcium  pantothenate. 


I 
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The  computer  then  called  for  a  drastic  price  reduction  before  any 
additional  meal  was  used.     It  was  necessary  for  the  price  to  drop  to 
$28  a  ton,  at  which  point  6.1  percent  dehy  was  included.     Below  $28 
a  ton,  small  price  decreases  greatly  increased  the  use  of  dehy.  As 
the  price  dropped  from  $28  to  $27,  the  amount  climbed  to  almost 
13  percent  of  the  ration.     The  maximum  dehy  used  at  zero  cost  was 
about  16  percent.     The  results  indicate  that  dehy  is  competitive 
with  other  ingredients  at  low  levels  (e.g.  up  to  3  percent  of  the 
ration).     The  large  drop  in  price  to  $28  per  ton  necessary  to 
bring  in  more  20  percent  dehy  is  impractical,  since  this  price  is 
below  production  costs. 


At  each  point  on  the  value  curve  the  computer  gives  a  com- 
plete ration  formulation  (table  4).     In  addition  to  the  formulation 
it  gives  shadow  prices  (the  amount  the  ration  cost  would  increase  by 
use  of  one  unit  of  an  ingredient  not  included  in  the  solution)  for 
the  ingredients  not  used,  and  the  opportunity  cost  (the  amount  the 
ration  cost  would  be  increased  or  decreased  by  changing  a  ration 
requirement  or  restriction  one  unit)  of  requirements  in  scarce 
supply.     By  examining  formulations,  shadow  prices,  and  opportunity 
costs,  the  significance  of  each  point  can  usually  be  determined. 
At  point  A  on  the  curve  (fig.  1)  the  tryptophan  in  dehy  was  sub- 
stituted for  tryptophan  from  some  other  source.     At  point  B  dehy 
vitamin  A  was  substituted  for  synthetic  vitamin  A.     At  point  C 
the  substitution  was  dehy  xanthophyll  for  corn-gluten-meal 
xanthophyll.     Each  of  the  other  points  was  determined  and  all 
are  shown  in  figure  1.     The  xanthophyll  point  was  the  most  signi- 
ficant.    At  this  point  20  percent  dehy  was  valued  at  $66  a  ton  and 
made  up  3.1  percent  of  the  ration.     The  greatest  value  of  dehy  20 
in  the  broiler-finisher  ration  was  in  supplying  xanthophyll, 
vitamin  A,  and  tryptophan.     These  factors  could  change  if  other 
ingredients  were  considered  or  if  prices  varied. 
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MISSOURI    PRICES.  DECEMBER,  1966 
20%  PROTEIN  ALFALFA  MEAL 


A   -  Tryptophan 
B  -  Vitamin  A 
C  -  Xanthophyll 
D  -  Vilamin  K 
E   -   Energy  factor 

Corn  removed 

Added  fat  increased 

F  -  Energy  factor 

Added  fat  limited 

Miio  reduced 
G  -  Energy  factor 

Soybean  meal  50  introduced 

Soybean  meal  44  removed 

Substitution  Points 


_L 


20  40  60 

PRICE  OF  DEHY  ($  PER  TON) 


80 


100 


Figure  1.     Use  of  dehydrated  alfalfa  meal  in  broiler 
finisher  ration  related  to  price. 
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Table  4. — Least  cost  broiler-finisher  rations  using  20  percent  protein 
dehydrated  alfalfa  meal  at  various  price  levels  (Missouri  prices) 


Ingredient 

Pr ice  of 

alfalfa  (dollars  oer 

ton ) 

80.29  : 

73.66  : 

66.07  : 

27.98  : 

97   1  T 

20 . 25 

:  13.88 

Alfalfa   Mp^I      H  phv—  * 

.57 

1.95 

3. 12 

6.11 

12.92 

13.85 

15.72 

J,li]^0   ' 

50.00 

50.00 

50.00 

50.00 

50.00 

48.97 

49.00 

14.41 

12.88 

11.58 

8.05 

— 

— 

■nTn+pini       .  ....... 

11.71 

13. 10 

14.28 

14.00 

13.34 

13.17 

ouyucciii  iiiccix    \  jKj ^0 

— 

— 

— 





11.60 

Corn  gluten  meal  | 

1  "14 

— 

— 

TJ'i  Q Vimp;^  1  ^riTrlinp 

iri^%  TTpn't'p'inl 

5.86 

5.25 

4.73 

4.51 

4.02 

3.99 

3. 55 

1.26 

1  "il 

A.  t  J  X 

1  I'h 

1.74 

1.77 

1.76 

1.88 

9 

2.5 

9  ^1 

Poultry  byproduct 

meal  (35fo  protein). 

:  5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

.  J'- 

^  9"^ 

6.01 

7.13 

9.68 

10.00 

10.00 

Phnlinp  pVilnyiHp 

(  ~7(\ft.       Vi  i-i  1  i  r>  Q  ^ 

,03006 

.02584 

.02269 

.01553 

.01497 

.0185 

Pfil  PI  iim  pPiT'linnatp 

\,/U  J.  V  .L  Ulii         U  X  *J\J  I  let  u  c  «  •  •  • 

.  40 

!36 

.32 

.24 

.07 

.05 

.03 

^^l  1  + 

'     .  40 

.40 

.40 

.40 

.40 

,40 

.40 

rr              ■        .  ^ 

*  xj 

.  '-J 

.15 

.15 

.15 

.15 

■  ,0125 

.0125 

.0125 

.0125 

.0125 

,0125 

.0125 

MHA  (Methionine 

hydroxy  analogue),. 

;  .02031 

.06393 

.10105 

.10538 

.11523 

.11597 

.12079 

Vitamin  A  (325  mm 

lU/kg)  

;  .00124 

— 

— 

Vitamin  D3  (400  mm 

ICU/kg)  

;  .00022 

.00022 

.00022 

.00022 

.00022 

,00022 

.00022 

Vitamin  K  (282  g-./kg. 

;  .00035 

.00027 

.00019 

— 

— 

Vitamin  B12  (44  mg/kg)  .00781 

.00871 

.00949 

.00982 

.01057 

,01061 

.01127 

:  .00904 

.00972 

.01029 

.00962 

.00808 

.00804 

.00829 

:  .00735 

.00702 

.00674 

.00579 

.00362 

.00338 

.00290 

(80.3f.)i/ 

.00157 

:  .00349 

.00333 

.00320 

.00281 

.00192 

.00179 

:  100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Total  Ration  Cost 

:75.85 

75.81 

75.66 

74.47 

74.42 

73.53 

72.65 

1/    In  the  form  of  calcium  pantothenate. 
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Quality  comparisons,  dehy  40.     Dehy  AO  Is  an  experimental 
essentially  fiber-free  product  produced  by  extracting  juice  from 
alfalfa  plants  and  coagulating  and  drying  the  protein  fraction. 
Scientists  in  the  Western  Utilization  Research  and  Development 
Division  of  USDA  have  determined  or  estimated  its  nutritional 
parameters  as  shown  in  table  1.     In  figure  2,  the  value  curve  of 
dehy  40  is  compared  with  dehy  20  in  a  broiler-finisher  ration  at 
Missouri  prices.     The  curves  are  step  like  because  the  functions 
are  discontinuous.     In  comparing  curves  of  the  two  products,  the 
points  of  substitution  have  greatest  significance.     As  an  example, 
point  B  on  each  curve  is  where  xanthophyll  in  dehy  substitutes  for 
xanthophyll  in  com  gluten  meal.     Dehy  of  40-percent  protein 
constitutes  0.5  percent  of  the  ration  at  $364  a  ton,  and  20  percent 
dehy  is  3.1  percent  at  $66  a  ton.     Considerably  less  dehy  40  is 
required  to  meet  the  xanthophyll  requirement.     Consequently  a  feed 
formulator  could  afford  a  much  higher  price  for  the  more  concen- 
trated material.     In  both  cases  a  drastic  price  reduction  was 
necessary  to  reach  the  next  point  of  substitution.     When  dehy  40 
was  reduced  from  $364  to  $128  a  ton,  it  increased  from  0.5  to  0.8 
percent  of  the  ration.     With  dehy  20  the  reduction  was  from  $66  a 
ton  at  3.1  percent  to  $28  a  ton  at  6.1  percent  of  the  ration. 
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A  -  Tryptophan 

B  -  Xanthophyll 

C  -  Vitamin  A 

D  -  Vitamin  K 

E  -  Calcium 

F  -  Pantothenate 

G  -  Phosphorus 

H  -  Riboflavin 

I  -  Lysine 

J  -  Poultry  by-product  meal  removed 

K  -  Milo  reduced 

L  -  Feather  meal  removed 

M  -  Arginme 

N  -  Methionine  plus  cystine 

0  -  Energy  factor 

Substitution  points* 

40%  protein 


20%  PROTEIN  ALFALFA  MEAL 
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50  75  100  13'0'360 

PRICE  OF  DEHY  ($  PER  TON) 

Figure  2.     Use  of  dehydrated  alfalfa  in  broiler-finisher 
ration  related  to  quality  and  price. 


400 


Dehy  40  is  rich  in  many  nutrient  factors  required  by  mono- 
gastric  animals.     As  a  result  its  value  curve  has  many  points  of 
substitution.     Depending  on  price  level  it  substitutes  for  other 
ingredients  in  supplying  tryptophan,  xanthophyll,  vitamin  A, 
vitamin  K,  calcium  pantothenate,  phosphorus,  riboflavin,  lysine, 
arginine,  and  methionine  plus  cystine.     Other  points  of  substi- 
tution were  created  when  significant  adjustments  in  ingredient 
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composition  would  affect  the  cost  of  the  ration.     The  factors  of 
substitution  in  these  latter  solutiohs  were  complex  and  not  as 
obvious  as  those  given  above. 

From  a  nutritional  standpoint,  dehy  40  is  an  excellent 
product.     It  is  rich  in  most  positive  nutritional  factors, 
extremely  low  in  fiber,  and  has  a  relatively  high  energy-to-weight 
ratio.     In  the  broiler-finisher  ration  it  still  commanded  a  price 
of  $101  a  ton  when  constituting  8.2  percent  of  the  ration;  $70  a 
ton  when_ constituting  48.3  percent  of  the  ration;  and  $30  a  ton 
when  constituting  76.2  percent  of  the  ration,  which  was  its  maxi- 
mum usage  level.     Table  5  lists  complete  broiler-finisher  rations 
at  each  point  of  substitution. 

Further  chemical  and  biological  data  and  economic  analysis 
will  be  required  to  determine  the  true  competitive  position  of 
dehy  40.     This  analysis  indicates  its  value  in  a  specific  ration, 
in  a  given  location,  with  price  levels  existing  in  December  1966, 
compared  with  a  limited  number  of  other  ingredients.     In  addition 
to  further  analyses  of  the  40-percent  protein  product,  value 
analyses  of  the  residue  and  cost  factors  must  be  considered. 
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Figure  3.     Use  of  dehydrated  alfalfa  in  broiler-finisher 
ration  related  to  price  and  location. 

Dehy  at  different  locations  compared.     Location  is  important 
in  determining  the  value  of  dehy.     This  is  due  to  the  availability 
and  prices  of  competitive  ingredients.     To  test  this  effect,  dehy 
20  in  a  broiler-finisher  ration  was  analyzed  in  Missouri, 
Massachusetts,  and  California.     Table  3  lists  available  ingredients 
and  their  prices  for  December  1966  at  the  three  locations.     Figure  3 
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Table  6. — Least  cost  broiler  finisher  rations  using  20  percent  protein 
dehydrated  alfalfa  meal  at  various  levels   (California  prices) 


Price  of  alfalfa  (dollars 

per  ton) 

In'TTcdiGn't 

140. 48 

122.57 

115.87 

32.11 

31.28 

26. 31 

-  . 

A 1  f  PI  1  f     Mp^i  1 

1.21 

1.79  ' 

2.85 

6.11 

6.67 

16.57 

26.61 

3't.93 

50.00 

50.00 

50.00 

50.00 

41.28 

32.23 

15.82 

14.74 

14  'S'S 

2  "^8 

^  •  JO 

(  hhfo  prot-ein) 

14. 15 

14.06 

13.90 

10.51 

Q  60 

A.  J.  o  lllilc  cl  X      oClXUXliCr  • 

10.60 

10.58 

10.54 

11.36 

11.50 

10. 45 

4.69 

4.97 

5.48 

6.07 

6.17 

10.00 

Def luorina ted  phos-  : 

phorus  (l5/o  avciil.)s 

.16 

.14 

.12 

.04 

.03 

.08 

niiftlinp    plilfiT^iflp  • 

{lOfo  choline)  : 

. 12501 

.12168 

.11563 

.10391 

.  10192 

CalciiUii  CcirbonQte*  •  •  •  • 

.58 

.56 

.43 

.41 

.16 

Salt 

.  40 

.40 

.40 

.40 

.  40 

40 

Ttsp  pminpT'al*^  • 

.15 

1  '^ 

1  s 

.  15 

.  15 

.0125 

.0125 

.0125 

.0125 

.0125 

.0125 

MllA  (methionine  hy-  : 

droxy  ••••••••  •••••* 

2.04 

.0055 

.01546 

.04677 

.05209 

.0703Q 

V"i  +  PI  m  "i  n    A    1  "^^^    mm  • 

IV/k")  • 

.00046 





— 

Vitamin  D3  ('lOO  mm  : 

TCTl/krr') 

. 00022 

.00022 

.00022 

.00022 

.00022 

(10022 

Vitamin  K  (282  g./kii,.): 

.00031 

Vitamin  B12  (44  mg.  /  : 

.00408 

.00411 

.00416 

.00293 

.00272 

.00430 

.017 

.01533 

.01229 

.01019 

.00983 

.00767 

Pp)  nt.nthpnip    n  o  i  c\  • 

(80.3f0  : 

.01104 

.01043 

.00934 

.00799 

.00777 

.00452 

Riboflavin  ( lO'^^)  : 

.00405 

.00399 

.00388 

.00336 

.00327 

.00197 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Total  ration  cost  : 

($/Ton)  : 

81. 96 

81.74 

81,62 

79.23 

79.18 

78.85 
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presents  the  value  curves  up  to  6  percent  of  the  rations.  At 
greater  dehy  usage  levels  the  curves  were  fairly  similar.  Tables 
4,  6,  and  7  list  all  points  of  substitution  and  include  complete 
rations  at  each  point. 

Up  to  the  vitamin  K  point  of  substitution  (approximately 
6  percent  of  the  ration  in  all  three  cases)  dehy  had  by  far  the 
greatest  value  in  California,  a  lesser  value  in  Missouri,  and  the 
least  in  Massachusetts.     In  California,  dehy  first  entered  at  $140 
per  ton  and  1.2  percent  of  the  ration.     For  Missouri  comparable 
figures  were  $80  and  0.6  percent,  and  for  Massachusetts  $55  and 
1.0  percent.     From  the  latter  figure  one  can  calculate  that  if  one 
wished  to  put  1  percent  of  dehy  20  in  the  ration  as  a  source  of 
"unidentified  growth  factor"  and  if  the  price  of  dehy  for  example 
were  $80  a  ton  it  would  cost  approximately  25  cents  per  ton  of 
feed  for  the  unidentified  growth  factor  insurance.     At  the  xantho- 
phyll  point  of  substitution,  dehy  at  $116  per  ton  made  up  2.8 
percent  of  the  formula  in  California.     Comparable  figures  for 
Missouri  were  $66  and  3.1  percent,  and  for  Massachusetts  $44  and 
1.5  percent.     At  the  vitamin  K  point  the  figures  were  similar,  with 
price  ranging  from  $28  to  $32  a  ton  and  dehy  constituting  6.1  per- 
cent of  the  ration  in  all  three  cases. 

These  large  differences  in  the  high-price  low-volume  sectors 
of  the  value  curves  were  primarily  due  to  availability  and  relative 
prices  of  milo,  com,  and  com  gluten  meal.     In  California  milo  was 
relatively  low,  com  higher,  and  in  December  1966,  corn  gluten  meal 
was  not  generally  available  in  that  market.     As  a  result  xanthophyll 
had  to  be  supplied  by  either  dehy  or  corn.     At  the  same  time  the 
major  competitive  sources  of  energy  were  corn  and  milo.     Because  of 
relative  prices,  the  computer  desired  to  use  milo  as  an  energy 
source,  but  to  do  so  it  needed  a  source  for  xanthophyll  other  than 
com.     As  a  result  it  offered  a  high  price  for  dehy.     In  Massa- 
chusetts, in  contrast,  milo  was  not  available.     Corn  was  the  cheaper 
source  of  energy  and,  at  high  dehy  prices,  of  xanthophyll  also. 
This  resulted  in  a  much  lower  value  curve  for  dehy  than  in  California 
When  the  price  of  dehy  was  decreased  sufficiently  to  make  it 
competitive  for  xanthophyll,  com  distillers'  solubles  were  par- 
tially substituted  for  com  as  an  energy  source.     The  Missouri 
situation  ranged  between  the  extremes  set  by  California  and 
Massachusetts.     Once  xanthophyll  ceased  to  be  a  factor  the  curves 
did  not  vary  a  great  deal  in  regard  to  either  price  or  quality. 
Of  considerable  interest  was  the  relationship  between  dehy  and 
milo.     The  two  team  together  in  being  a  replacement  for  corn  and 
com  gluten  meal. 

Dehy  in  different  rations  compared.     The  value  of  dehy  is 
dependent  on  the  ration  being  formulated.     Since  specifications 
change,  the  relationships  between  ingredients  also  differ.     Figure  4 
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MISSOURI  PRICES,  DECEMBER,  1966 
20%  PROTEIN  ALFALFA  MEAL 


BROILER  FINISHER  RATION 
—  —  —  LAYER  RATION 
.....   SWINE  FINISHER  RATION 


'1M 


40  60  80  100 

PRICE  OF  DEHY($  PER  TON) 


120 


Figure  4.     Use  of  dehydrated  alfalfa  in  poultry  and 
swine  rations  related  to  price. 


compares  broiler-finisher,  swine-finisher,  and  layer  rations  for 
20-percent  dehy  at  Missouri  prices. 


Alfalfa  meal  had  the  highest  value  in  the  layer  ration  at 
almost  all  comparative  points  of  substitution;  it  came  into  the 
formula  at  $130  per  ton  as  2.65  percent.     For  the  broiler-finisher 
ration,  comparable  figures  were  $80  and  0.6  percent,  and  for  the 
swine-finisher  ration  $63  and  0.06  percent.     At  the  xanthophyll 
point  of  substitution  dehy  at  $120  per  ton  made  up  3.12  percent 
of  the  formula  in  the  layer  ration.     Comparable  figures  for  the 
broiler-finisher  ration  were  $66  and  3.12  percent.     Since  the 
swine-finisher  ration  did  not  require  xanthophyll,  it  did  not 
have  a  xanthophyll  point  of  substitution.     At  zero  cost  for  dehy, 
the  layer  ration  included  23.6  percent,  the  swine  finisher  23.1, 
and  the  broiler  finisher  only  16.7  percent. 

The  relative  positions  of  the  points  of  substitution  varied 
considerably  between  rations.    Moving  from  low  to  high  dehy  usage 
levels,  these  points  for  the  layer  ration  were  vitamin  A,  choline, 
xanthophyll,  poultry  by  product  meal  entry,  methionine,  vitamin  K, 
tryptophan  and  riboflavin,  and  an  energy  factor.     For  the  swine 
finisher  they  were  vitamin  A,  calcium,  methionine,  tryptophan, 
pantothenate,  milo  reduction,  riboflavin,  and  an  energy  factor. 
For  the  broiler  finisher  they  were  tryptophan,  vitamin  A,  xantho- 
phyll, vitamin  K,  corn  removed  and  added  fat  increased,  added 
fat  limited  and  milo  reduced,  and  soybean  meal  50  substituted  for 
soybean  meal  44.     In  the  case  of  the  broiler  finisher,  the  last 
three  points  were  all  associated  with  the  energy  factor.  The 
energy-weight  ratio  in  dehy  is  much  less  than  that  required  in 
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most  rations.     This  requires  significant  changes  in  ration  compo- 
sition to  accommodate  large  dehy  usages.     This  analysis  on  points 
of  substitution  shows  very  conclusively  the  effect  ration  require- 
ments exert  on  the  value  of  dehy.     Complete  rations  for  each  point 
of  substitution  are  given  in  tables  4,  8,  and  9. 

With  the  ration  requirements,  ingredient  analyses,  and  price 
combinations  specified,  dehy  showed  the  greatest  intrinsic  value 
when  used  in  layer  rations.     A  change  in  any  of  these  factors 
could  change  the  solution  to  some  degree. 

Conclusion.     In  using  parametric  linear  programming,  it  is 
necessary  to  quantify  all  relevant  parameters.     Items  such  as 
unidentified  growth  factors  that  are  not  identified  and,  therefore, 
not  quantifiable,  cannot  be  considered.     If  such  factors  are  sig- 
nificant, values  obtained  by  parametric  linear  programming  or  for 
that  matter  any  other  mathematical  procedure  can  only  present 
partial  results.     Economical  analyses  can  be  based  only  on  the 
nutritional  parameters  provided  by  physical  and  biological 
scientists. 

The  value  of  any  ingredient  is  dependent  on  the  competitive 
environment  in  which  it  is  used.     The  effects  of  ingredient 
nutrient  content,  ration  specifications,  and  geographical  location 
reflecting  ingredient  availability,  and  prices  were  examined  in 
this  report.     Changes  in  any  of  these  factors  influenced  the  loca- 
tion of  the  points  of  substitution  on  the  intrinsic  value  curves. 
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FIELD  HARVESTING  ALFALFA  LEAVES 


George  E.  Ay res 
Iowa  State  University,  Ames 

The  superior  nutritive  value  of  alfalfa  leaves  has  been  well 
established.     Farmers  know  that  nutritious  forage  contains  a  high 
proportion  of  leaf  tissue.     Research  has  shown  that  alfalfa  leaves 
contain  two-thirds  of  the  protein  and  total  digestible  nutrients 
and  90  percent  of  the  carotene  in  the  alfalfa  plant  and  are  much 
lower  in  crude  fiber  content  than  the  stems  (1) .     In  addition, 
alfalfa  leaves  are  a  good  source  of  calcium,  phosphorus  and  of 
the  xanthophyll  pigments  desired  in  poultry  rations. 

The  separation  of  leaves  and  stems  has  been  practiced  by 
farmers  ever  since  the  first  side-delivery  hay  rake  was  produced. 
Many  attempts  have  been  made  by  the  dehydrating  industry  to 
separate  the  leafy  fractions  of  alfalfa  from  the  more  fibrous, 
stemmy  fractions  (2,3).     The  most  common  methods  used  have  been 
differential  cutting  height  during  harvest  and  sifting,  milling, 
and  screening  of  the  dehydrated  chops  or  pellets. 

Researchers  at  Iowa  State  University  have  developed  a 
machine  to  separate  alfalfa  leaves  and  stems  in  the  field.  This 
approach  eliminates  the  drying  cost  of  the  stems.     A  given  dehy- 
drator  should  be  able  to  produce  over  twice  as  many  tons  of  leaf 
meal  per  hour  at  a  much  lower  cost  per  ton  with  this  machine. 
The  stems  could  either  be  harvested  by  the  dehydrator  or  by  the 
farmer  as  roughage  for  cattle. 

A  machine  that  mechanically  strips  leaves  from  standing 
alfalfa  was  developed  from  a  commercial  hay  conditioner  (4) .  A 
rubber  mat  with  finger-like  projections  was  fastened  around  the 
top  roll  of  the  hay  conditioner  to  strip  the  leaves  from  the 
stems.     An  overhead  belt-type  draper  was  mounted  ahead  of  the 
rolls  to  bend  the  plants  rearward  so  they  would  enter  the  rolls 
top  first.     Stripped  leaves  were  accumulated  in  a  large  box 
attached  to  the  rear  of  the  machine. 

To  enable  leaf  harvesting  on  a  field  scale,   the  stripping 
rolls  and  the  overhead  draper  were  mounted  on  the  front  of  a 
flail-type  forage  harvester  (1).     The  forage  harvester  had  an 
offset  drawbar  for  the  tractor  and  the  flails  elevated  the  strip- 
ped leaves  to  a  trailing  wagon.     The  bottom  of  the  forage  harvester 
was  covered  with  sheet  steel  to  prevent  the  flails  from  cutting 
the  stems.     Figure  1  shows  the  completed  leaf  harvester,  and 
Figure  2  is  a  drawing  of  the  flow  of  material  through  the  leaf 
harves  ter . 
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Figure  1. 


Alfalfa  leaf  harvester. 


Figure  2.     Flow  of  material  through  leaf  harvester. 


During  operation  the  leaf  harvester  is  pulled  into  standing 
alfalfa.     The  plants  are  bent  rearward  by  the  inclined  overhead 
draper  and  are  pulled  between  the  stripping  rolls  by  the  rotation 
of  the  rolls.     Since  the  stem  is  still  anchored  in  the  ground,  the 
forward  motion  of  the  machine  causes  the  stem  to  be  pulled  out^^ard 
and  downward  around  the  lower  roll.     This  outward  movement  of  the 
stem  and  the  rotation  of  the  top  roll  with  its  rubber  fingers 
against  the  stem  strips  the  leaves  from  the  stem.     The  stripped 
stem  passes  under  the  machine  and  remains  in  the  field.     The  leaves 
are  picked  up  by  the  flails  in  the  forage  harvester  and  elevated 
into  a  trailing  wagon. 
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The  degree  of  stripping  (leaf  removal)   can  be  increased  by 
(a)   increasing  the  tension  in  the  two  springs  holding  the  rolls 
together,   (b)   increasing  the  RPM  of  the  rolls,  and  (c)  by  decreas- 
ing ground  speed.     The  orientation  of  the  plants  as  they  enter  the 
stripping  rolls  also  affects  the  degree  of  leaf  removal,  since 
pl'Qnts  that  do  not  enter  the  rolls  head  first  are  poorly  stripped. 

The  most  satisfactory  degree  of  stripping  was  obtained  at 
ground  speeds  from  2  to  3  miles  per  hour.     By  visual  inspection, 
it  was  estimated  that  95  percent  of  the  leaves  were  removed  from 
the  upper  portion  of  the  plant,  with  no  leaf  removal  from  the 
lower  8  to  10  inches  that  were  wrapped  around  the  lower  roll. 

During  tests  of  the  leaf  harvester,  regeneration  of  new 
leaves  on  the  stripped  stem  was  observed.     New  leaf  growth 
appeared  on  the  stripped  stems  in  approximately  6  days  and 
continued  to  grow  until  reaching  the  bud  stage,  which  occurred 
15-20  days  after  the  first  leaf  harvest.     The  new  leaves  appeared 
smaller  than  the  original  leaves,  but  this  difference  was  small 
when  the  first  leaves  were  harvested  in  the  bud  stage.  The 
plants  were  a  little  shorter  at  the  time  of  the  second  leaf 
harvest  because  of  clipping  of  the  stem  tips  during  the  first 
leaf  harvest.     Continual  leaf  harvesting  without  cutting  the 
stems  produced  6  crops  of  leaves  over  a  3-1/2  month  period.  It 
appears  that  the  alfalfa  plant  has  the  potential  to  produce  more 
leaves  than  are  allowed  under  conventional  harvesting  systems. 
This  potential  might  be  used  by  treating  the  stems  as  leaf 
"generators"  and  not  as  nutrient  sources,  quite  possibly  increas- 
ing the  yield  of  protein  and  vitamin  A  per  acre. 

To  study  the  effects  of  leaf  removal  and  maturity  at 

harvest  on  the  yield  of  dry  matter  and  protein  per  acre,  several 

small  plots  were  staked  in  a  stand  of  established  Vernal  alfalfa. 
The  following  treatments  were  assigned  to  the  plots: 

1.  harvest  whole  plant  (control), 

2.  harvest  leaves,  chop  stems   (one  leaf  harvest  system), 

3.  harvest  leaves,  allow  regrowth,  harvest  leaves,  chop  stems 
(two  leaf  harvests  system). 

Each  treatment  was  performed  at  two  maturity  levels:  (a)  bud  stage 
and  (b)   one-tenth  bloom. 

The  data  in  Table  1  were  obtained  from  plots  on  which  the 
leaves  were  harvested  only  once  before  the  stems  were  cut  and  also 
from  the  plots  on  which  the  leaves  were  harvested  twice  before  stem 
cutting. 

The  one-leaf-harvest  system  yielded  approximately  the  same 
total  dry  matter  per  acre  as  the  control  plots;   the  total  yield  at 
one-tenth  bloom  was  over  three  times  as  great  as  the  total  yield 
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at  bud  stage.  The  harvested  leaves  made  up  approximately  30  percen 
of  the  total  harvested  yield  in  both  cases. 


Table  1. — Average  dry  matter  and  crude  protein  yields  per  acre 

 with  two  harvest  systems  

 Bud  stage   One-tenth  bloom 

Material  Dry  matter      Protein  Dry  matter  Protein 

-------  Pounds  per  acre  -------- 

One-Leaf-Harvest  System 

Stripped  leaves  293  82  1021  228 

Stems  713  129  2144  302 

Control  1102  232  2998  508 

Two-Leaf-Harvest  System 

First  leaves  318  88  1056  233 

Second  leaves  491  123  703  131 

Stems  1376  230  3109  .  401 

Control  1102  232  .              2998  508 


The  two-leaf-harvests  system  produced  98  percent  more  dry 
matter  than  the  control  plots  at  bud  stage  and  62  percent  more  at 
one- tenth  bloom.     The  harvested  leaves  alone  yielded  74  percent  as 
much  dry  matter  as  the  control  plots  at  bud  stage  and  59  percent 
as  much  at  one-tenth  bloom.     However,  the  leaves  still  accounted 
for  only  37  percent  of  the  total  dry  matter  at  bud  stage  and  36 
percent  at  one-tenth  bloom  because  of  the  large  increase  in  the 
amount  of  stems  harvested  under  the  two-leaf-harvests  system. 

To  compare  the  quality  of  the  harvested  leaves  with  the 
stems  and  control  plots,  the  yields  of  crude  protein  per  acre  are 
also  given  in  table  1  and  the  crude  protein  and  crude  fiber  per- 
centages are  given  in  table  2.  '  - 


Table  2. — Average  crude  protein  and  crude 

fiber  percentages 

with  two  harvest  systems 

Bud  stage 

One- tenth 

bloom 

Material 

Protein  Fiber 

Protein 

Fiber 

%  % 
One-Leaf -Harves t  System 

% 

% 

Stripped  leaves 

28.2    .  12.15 

22.2 

14.54 

Stems 

18.1  26.11 

14.0 

32.20 

Control 

21.2  20.54 

17.0 

25.63 

Two-Leaf -Harvest  System 

First  leaves 

27.7  11.89 

22.1 

14.17 

Second  leaves 

25.0  15.13 

18.6 

18.48 

Stems 

16.7  28.87 

12.0 

33.47 

Control 

21.2  20.54 

17.0 

25.63 
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Chrisman  and  Kohler  (3)   report  that  hand  separation  of 
leaves  and  stems  resulted  in  a  leaf-weight-to-total-weight  ratio 
of  0.460:1.000,  giving  a  leaf-to-stem-weight  ratio  of  0.859:1.000. 
These  ratios  for  the  leaf  harvester  are  shown  in  table  3. 

Table  3. — Leaf-weight- to-total -weight  and  leaf-to-stem  ratios 


for  material  obtained  with  the  leaf  harvester 


Leaf  weight: 

Leaf  weight : 

Maturity 

total  weight 

stem  weight 

Bud  stage 

0.291:1.000 

0.411:1.000 

One-tenth  bloom 

0.321:1.000 

0.473:1.000 

To  obtain  a  quantity  of  leaves  for  use  in  feeding  trials, 

the  leaves  were  harvested  from  a  field  of  first  cutting  in  very 

late  bloom  and  from  a  field  of  second  cutting  in  very  early  bloom. 

The  leaves  were  dehydrated  and  pelleted. 


Some  difficulty  was  encountered  during  dehydration  of 
material  from  the  late-bloom  first  cutting.     Because  the  alfalfa 
was  severely  lodged  in  one  portion  of  the  field,  many  stems  were 
broken  and  collected  with  the  leaves.     These  stems  were  not  chopped 
short  enough  by  the  flail  harvester  and  caused  the  material  to  feed 
into  the  dehydrator  drum  unevenly  and  in  bunches.     This  problem 
was  not  encountered  with  leaves  harvested  from  the  second  cutting. 
The  only  foreign  material  mixed  with  the  leaves  was  a  few  heads  of 
giant  foxtail.     As  a  result,  the  material  enters  the  drum  uniformly 
and  the  inlet  temperature  of  the  drum  could  be  lowered  approximately 
300°F. 


The  results  of  chemical  analyses  of  the  dehydrated  pellets 
are  shown  in  table  4.     The  low  vitamin  A  content  of  the  first- 
cutting  leaf  pellets  was  attributed  to  heating  in  the  wagon  before 
dehydration  because  of  the  constant  plugging  of  the  leaf  harvester 
in  the  lodged  alfalfa.     Many  stems  also  lowered  the  protein  content 
of  these  pellets. 


Table  4. — Chemical  analyses  of  the  dehydrated  alfalfa 


Crude  protein 

Crude  fiber 

Vitamin  A 

1 

USP  units /lb. 

First  cutting  whole- 

plant  pellets 

17.20 

25.80 

144,000 

First  cutting 

leaf  pellets 

22.00 

19.70 

124,000 

Second- cut ting 

leaf  pellets 

24.40 

16.10 

227,000 
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The  Department  of  Poultry  Science  at  Iowa  State  University 
conducted  three  experiments  to  evaluate  the  nutritive  value  of 
leaf  meal  in  poultry  rations.     In  the  first  experiment,  broiler 
chicks  were  fed  whole-plant  alfalfa  meal  and  the  first-cutting 
leaf  meal  from  1  to  5  weeks  of  age  to  determine  any  detrimental 
effects  from  feeding  leaf  meal  to  poultry.     Whole-plant  meal  was 
fed  at  levels  of  0,  2,  4,  and  8  percent  of  the  diet  and  leaf  meal 
at  levels  of  2,  4,  8,  and  16  percent.     All  chicks  received  the 
same  basal  diet.     The  results  showed  no  significant  differences 
between  the  two  alfalfa  meals.     There  was,  however,  a  significant 
reduction  in  gain  for  the  chicks  receiving  the  16-percent  leaf 
meal  diet. 


Table  5. — Weight  gains  of  broiler  chicks  fed  first-cutting 
 whole-plant  meal  and  second-cutting  leaf  meal  


Percent 

Weight  gain"*" 

Treatment          of  diet 

At  3  weeks 

At  5  weeks 

At  8  weeks 

None  (control) 

g. 

258 

g- 

634 

g- 

1235 

Whole-plant  meal  2 

4 
8 

256 
248 
250 

640 
618 
633 

1233 
1209 
1185 

Leaf  meal  2 

4 
8 

247 
260 
218 

611 
646 
568 

1216 
-  1242 
1155 

Standard  starter 
diet 

244 

598 

1217 

Mean  gain  per  chick  from 

duplicate 

pens  of  15  chicks 

each . 

In  the  second  growth  experiment,  broiler  chicks  were  grown 
to  8  weeks  of  age.     Whole-plant  meal  and  second-cutting  leaf  meal 
were  each  fed  at  levels  of  2,  4,  and  8  percent  of  the  diet.  A 
controlled  diet  containing  no  alfalfa  meal  and  a  standard  good 
chick  starter  were  included  in  this  experiment.     All  diets  were 
isocaloric  and  isonitrogenous .     The  results  of  this  second  experi- 
ment are  shown  in  tables  5  and  6.     The  chicks  receiving  the  4-percent 
leaf  meal  diet  had  the  greatest  weight  gains,  exceeding  both  the 
controlled  diet  and  the  standard  starter  diet.     Differences  in  feed 
efficiency  were  not  significant.     The  weight  gains  between  5  and 
8  weeks  of  age  were  approximately  the  same  for  all  three  levels  of 
leaf  meal,  indicating  that  as  the  birds  grew  older  they  were  better 
able  to  utilize  the  meal.     It  might  be  fed  to  older  birds  at  fairly 
high  levels . 

Practically  no  vitamins  A,  E,  or  D  were  provided  in  the 
vitamin  pre-mix  of  the  six  diets  containing  alfalfa  meal,  and  the 
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Table  6. —Feed 

efficiencies 

of  broiler  chicks  fed  first 

-cutting 

whole-plant  meal  and  second- 

•cutting  leaf  meal 

Percent 

Treatment 

of  diet  At 

3  weeks 

At  5  weeks 

i\L     O  wcfcilxfa 

G./g. 

G./g. 

G./g. 

None  (control) 

1.85 

1  86 

2.51 

Whole-plant  meal 

2 

1. 90 

1.  87 

2.45 

A 

1  92 

J-  •  y  ^ 

2.03 

2.47 

8 

1.75 

1.94 

2.54 

Leaf  meal 

2 

1.76 

1.95 

2.44 

4 

1.  79 

1.98 

2.49 

8 

1.97 

2.11 

2.60 

Standard  starter 

diet 

1.87 

2.02 

2.71 

Mean  efficiency  per  chick  from  duplicate  pens  of  15  chicks  each. 

birds  obtained  them  from  the  alfalfa  meal.     The  birds  on  the 
standard  starter  diet  were  provided  these  vitamins  in  adequate 
amounts . 


Following  this  experiment,  liver  samples  were  obtained  from 
the  chicks  and  analyzed  for  vitamin  A  (figure  3) .     The  chicks 
receiving  whole-plant  meal  received  sufficient  vitamin  A  for  growth 
and  maintenance.     The  chicks  receiving  leaf  meal  received  a  surplus 
of  vitamin  A,  which  they  stored  in  their  livers. 


Figure  3.     Vitamin  A  storage  in  chicks. 
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A  third  experiment  was  conducted  to  determine  any  detri- 
mental effects  on  egg  production  from  feeding  large  amounts  of 
leaf  meal.     Laying  hens  were  confined  during  peak  egg  production 
in  individual  cages  and  fed  diets  containing  0,  2.5,  5,  10,  or 
20  percent  leaf  meal.     After  6  weeks,  all  birds  were  placed  on  a 
diet  containing  no  alfalfa  meal  for  2  weeks.     At  the  end  of  this 
period,  the  hens  initially  receiving  no  leaf  meal  remained  on 
the  same  diet.     The  other  groups  were  reversed,  with  the  hens 
initially  receiving  a  diet  containing  2.5-percent  leaf  meal  now 
placed  on  a  diet  containing  20-percent  leaf  meal,  etc.  Again, 
all  diets  were  isocaloric  and  isonitrogenous . 

Throughout  the  experiment,  no  differences  in  egg  production 
occurred.     The  yellow  color  of  the  egg  yolks,  measured  in  parts 
per  million  of  beta-carotene  equivalent,  is  shown  in  figure  4. 
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Figure  4 

The  hens  receiving  the  higher  amounts  of  leaf  meal  produced  brighter' 
colored  yolks.     The  yolks  of  all  hens  faded  during  the  experiment 
because  the  diets  were  not  mixed  fresh  each  week.     Following  the 
depletion  period,  the  hens  receiving  the  higher  amounts  of  leaf  meal 
again  produced  the  brighter  colored  egg  yolks. 
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THE  EFFECTS  OF  STEAM  PELLETING  ON  THE  METABOLIZABLE  ENERGY 
VALUE  OF  DEHYDRATED  ALFALFA  MEAL 

J.  D.  Summers 
Ontario  Agricultural  College,  University  of  Guelph 
Ontario,  Canada 

A  great  deal  of  work  has  been  reported  on  the  value  of 
dehydrated  alfalfa  meal  for  poultry.     Most  of  this  work  has  been 
confined  to  the  value  of  alfalfa  meal  as  sources  of  vitamin  A, 
xanthophyll,  and  unidentified  growth  factor.     Because  of  pressure 
on  the  economics  of  poultry  production,  feed  ingredients  are  criti- 
cally evaluated  for  their  nutritional  worth.     If  alfalfa  meal  is  to 
continue  in  modern  poultry  rations  its  feeding  value  must  be  well 
characterized  and  if  possible  enhanced. 

Energy  is  the  most  costly  portion  of  a  ration  and  with  the 
metabolizable  energy  (ME)  of  alfalfa  meal  running  only  about  one- 
quarter  or  less  of  its  gross  energy  value,  the  area  of  energy 
utilization  seemed  logical  to  consider  for  nutritive  enhancement 
of  alfalfa  meal.     In  previous  reports  from  our  laboratory  we  have 
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demonstrated  that  high  fiber  ingredients,  such  as  wheat  bran,  could 
be  improved  15  to  25  percent  in  ME  by  commercial  steam  pelleting. 
While  it  is  true  that  many  poultry  rations  are  being  steam-pelleted 
or  crumbled,  and  improvements  in  ME  of  such  products  as  wheat  bran 
and  alfalfa  meal  are  perhaps  already  being  achieved,   these  products 
are  not  being  credited  for  this  enhancement,  since  most  of  the  ME 
values  reported  in  the  literature  were  derived  from  ingredients 
fed  in  the  form  of  mash. 

During  the  past  two  years  we  have  been  interested  in  eval- 
uating various  steam-pelleted  feed  ingredients  for  ME.     We  have 
used  alfalfa  meal  samples  in  some  of  these  tests  and  thus  the 
data  to  be  reported  have  been  drawn  from  a  number  of  studies.  We 
have  used  a  corn  and  soybean-meal  basal  diet  containing  around 
29  percent  protein  with  vitamin  and  mineral  levels  high  enough  so 
that  they  would  not  be  limiting  when  this  diet  was  mixed  50:50 
with  the  test  ingredients.     ME  has  been  determined  for  the  complete 
diets  and  the  ME  of  the  test  ingredients  calculated  from  the 
following  equation:     2 (ME  of  diet  with  test  ingredient- (ME  of 
basal/2).     In  all  studies  the  test  diets  were  fed  for  two  weeks 
and  at  least  a  three-day  fecal  collection  was  made  during  the  last 
week  of  the  test.     Gross  energy  and  nitrogens  were  determined  on 
feed  and  feces  samples  and  nitrogen-corrected  ME  values  obtained. 

Table  1  shows  ME  results  obtained  by  feeding  chicks  various 
alfalfa  meal  samples  in  mash  form,  and  also  the  effect  of  steam 
pelleting  on  the  ME  of  one  of  these  samples.     The  regular  alfalfa 
meal  sample  was  picked  up  from  a  local  feed  manufacturer  and  by 
visual  inspection  was  very  poor  in  quality.     However,  marked 
improvements  in  growth,  feed  utilization,  and  ME  were  noted  when 
this  particular  sample  was  steam  pelleted  and  reground. 


Table  1. — ME  value  of  various  alfalfa  meal  samples  fed  to  chicks 


Average 

Feed/ 

ME 

Item 

weight 

gain 

Diet 

Test  ingredient 

g.- 

Kcal/g.  -   

Basal 

329 

2.12 

3.12 

Basal  +  50%  alfalfa 

205 

3.16 

2.22 

1.46 

(25%  protein)-'- 

Basal  +  50%  alfalfa 

(27.5%  protein) 

206 

3.04 

2.13 

1.31 

Basal  +  30%  alfalfa 

(30%  protein)! 

212 

2.95 

2.34 

1.54 

Basal  +  50%  alfalfa 

(regular) 

127 

4.61 

1.  71 

0.31 

+  50%  alfalfa 

(regular)  steam 

pelleted  and  regrounc 

273 

2.95 

1.96 

0.80 

Alfalfa  samples  supplied  by  the  Western  Utilization  Research  and 
Development  Division,  USDA,  Albany,  California. 
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Table  2. — ME  and  IMD  apparent  dry  matter  digestibility  of  various 


feed  ingredients  fed  to  mature  turkeys  in  mash  form 


I  tem 

MF, 

IMD 

Diet 

Test  in^ 

jredient 

Diet 

Test  ingredient 

Kcai/ g . 

1 

Basal 

3.04 

67.2 

Alfalfa  (regular) 

2.26 

1.48 

46.4 

25.6 

Bran 

2.52 

2.00 

54.5 

41.8 

Corn 

3.14 

3.24 

73.9 

80.6 

Table  3. — Influence  of  steam  pelleting  on  the  ME  of  alfalfa 
 meal  fed  to  turkey  poults  


Item 

Avera^ 

^e  wt . 

Feed/ 
gain 

ME 

Diet        Test  ingredient 

m1 

M 

P 

M          P           M  P 

  Kcal/g.   

Bas  al 

633 

669 

1.65  1. 

58 

2.75  2.62 

Basal 

+  50% 

alfalfa 

(rej 

gular) 

430 

549 

2.19  1. 

95 

1.94    2.24      1.14  1.86 

M-mash.         P-reground  steam  pellets. 


Table  2  shows  some  ME  and  apparent  dry-matter-digestibility 
values  derived  with  mature  turkeys.     Digestibility  was  calculated 
as  dry  matter  excreted  as  a  percent  of  that  consumed.     It  will  be 
noted  that  alfalfa  meal  was  poorly  digested  as  compared  to  bran 
and  corn.     Table  3  includes  results  of  a  study  comparing  mash  and 
steam-pelleted  and  reground  alfalfa  meal  fed  to  turkey  poults. 
The  decrease  in  ME  noted  by  steam  pelleting  the  corn-soya  basal 
diet  is  not  uncommon,  and  may  be  an  indication  of  protein  and/or 
amino  acid  destruction.     However,  with  the  alfalfa  diet  a  marked 
improvement  in  ME  was  noted  with  the  steam  pelleting  treatment. 
Table  4  contains  results  of  steam  pelleting  and  regrinding  4 
different  alfalfa  meal  samples  in  tests  with  3-week-old  chicks. 
Again  a  marked  increase  in  ME  is  noted  with  the  steam  pelleting 
treatments . 

When  determining  ME  In  the  manner  described  above  one  must 
contend  with  the  possible  interaction  of  the  50-percent  portion 
of  the  basal  diet  with  the  test  ingredient.     In  an  effort  to 
eliminate  this  problem,  a  test  was  set  up  where  the  test  ingredi- 
ents were  fed  as  the  sole  ration  with  the  exception  of  4  percent 
of  a  vitamin  and  mineral  mix.     Table  5  shows  the  results  obtained 
with  mash  and  with  the  s teamed-pelleted  and  reground  form.  With 
the  higher  energy  ingredients  (corn  and  wheat)   a  decrease  in  ME 
is  noted  with  pelleting,  similar  to  that  demonstrated  for  the 
corn  and  soya  basal  diet.     However,   for  bran  and  alfalfa  meal  a 
marked  increase  in  ME  is  observed.     The  values  derived  for  corn 
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and  wheat  are  similar  to  values  obtained  with  a  50:50  mixture  of 
a  basal  ration,  while  the  value  for  the  alfalfa  sample  seems 
rather  high.     The  good  quality  of  this  product  from  a  new  crop 
may  account  for  the  high  value. 


Table  4. — Influence  of 

steam 

p6l le  t ing 

on  ME 

of  alfalfa  meal 

Average 

ME 

weight 

feed  cons . 

Diet    Test  ingredient 

Item 

pi 

M  P 

M 

P          M  P 

-  -  g. 

-  -  Kcal/g.  -  -  -  - 

Basal  „ 

326 

333 

542  600 

2.73 

2.70 

"  +  50%  alf.  (15%)^ 

200 

273 

491  611 

1.86 

2.22    0.99  1.59 

"  +  50%  alf.  (17%)^ 

201 

252 

475  585 

1.88 

2.18    1.03  1.66 

"  +  50%  alf.  (20%)^ 

216 

287 

471  576 

2.16 

2.51    1.58  2.32 

"  +  50%  alf.  (22%) 

217 

281 

473  620 

2.09 

2.22    1.44  1.76 

M  =  Mash;  P  =  pelleted. 

2 

Alfalfa  samples  supplied  by  WRRL,  USDA, 

Albany,  Calif. 

Table  5. — Influence  of 

s  team 

pelleting  a 

L  single  ingredient  on  ME 

Average  wt. 

Av.  feed 

cons . 

ME 

Crop 

M 

P 

M 

P 

M  P 

g.  -  - 

-  -  Kcal/g.   

Wheat 

149 

198 

282 

388 

3.21  3.08 

Com 

117 

154 

234 

307 

3.56  3.41 

Bran 

130 

259 

439 

714 

1.76  2.03 

Alfalfa  (regular) 

144 

233 

319 

497 

2.38  2.62 

Table  6  lists  ME  and  dry-matter  digestibility  values 
derived  from  adult  cockerels.     Again  there  is  an  increase  in  ME 
with  steam  pelleting;  however,  the  increases  are  not  as  great  as 
those  reported  for  some  of  the  previous  tests.    With  the  same 
samples  shown  in  table  6,  a  test  was  run  on  3-week-old  chicks 
(table  7).     Diets  were  fed  as  mash,  steamed  crumbles,  and  re- 
ground  steamed  pellets.     Also  included  was  a  local  sample  of 
alfalfa  meal  (regular)  fed  at  4  different  levels  with  the  basal 
diet.     It  was  hoped  to  obtain  information  on  whether  level  of 
alfalfa  meal  had  any  bearing  on  ME  values.     The  ME  values  are  not 
shown  for  this  test  but  judging  from  weight  gain  and  feed  consump- 
tion the  steam-pelleted  and  reground  diets  were  almost  equal  to 
those  of  the  diets  fed  in  a  crumble  form.     Judging  from  the  average 
weight  and  feed  intake  values  shown  in  table  8,  especially  for  the 
reground  pellets,  the  high  level  of  alfalfa  meal  is  not  adversely 
affecting  feed  intake  or  weight  gain  beyond  what  would  be  expected 
from  the  energy  content  of  this  ingredient.     Some  of  the  same 
diets  used  in  table  7  were  fed  to  adult  rats  to  obtain  information 
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Table  6. — Influence  of  steam  pelleting  on  ME  and  DMD 
of  alfalfa  meal  fed  to  adult  cockerels 


DMD  ME 


Item 

Diet 

Ingredient 

Diet 

Ing 

redient 

-  -  - 

%  

-  - 

Kcal/g. 

-  -  - 

Basal  2 

61.3 

— 

2.87 

— 

Whole  alfalfa 

M 

47.0 

33.0 

2.03 

1.32 

2 

P 

46.1 

31.1 

2.10 

1.46 

Alfalfa  stem 

M 

43.6 

26.2 

2.05 

1.36 

II  II 

P 

45.2 

29.3 

2.12 

1.50 

Alfalfa  leaf^ 

M 

44.4 

27.7 

2.16 

1.58 

II  II 

P 

47.4 

33.8 

2.25 

1.76 

Apparent  dry  matter  digestibility.        Alfalfa  samples  supplied  by 


WRRL, 

USDA,  Albany, 

Calif.    M  =  Mash,  P 

=  reground 

steam  pellets . 

Table  7. — Influence  of  steam  pelleting  on  weight 

gain  and 

feed  consump 

tion  of  alfalfa  meal  diets  fed 

to 

chicks 

Average 

Average 

Item 

weight 

feed /bird 

Bas  al 

(mash) 

217 

271 

II 

(reground  pellets) 

228 

292 

II 

(crumbles) 

223 

297 

Bas  al 

+  whole  alfalfa  (mash) 

104 

180 

Basal 

_l_      II  II 

(reground  pellets) 

125 

233 

Basal 

_l_      II  II 

(crumbles) 

133 

245 

Bas  al 

+  leaf  meal 

(mash) 

101 

164 

Basal 

_l_      II  II 

(reground  pellets) 

123 

194 

Basal 

_|.      II  II 

(crumbles) 

132 

237 

Basal 

+  steam  meal 

(mash) 

104 

193 

Basal 

II  II 

(reground  pellets) 

135 

259 

Basal 

(crumbles) 

145 

289 

on  nitrogen  digestibility  and  dry-matter  intake.     Table  9  shows 
that  DMD  was  higher  for  the  leaf  meal  sample  but  little  difference 
was  noted  for  nitrogen  digestibility. 

The  results  indicate  that  the  ME  of  alfalfa  meal  can  be 
improved  by  commercial  steam  pelleting.     The  extent  of  the  enhanced 
ME  value  will  depend  on  the  sample  of  alfalfa  meal  and  also,  perhaps, 
on  the  type  of  pelleting  equipment  employed.    Work  should  also  be 
undertaken  to  determine  whether  a  double  steam  pelleting  would  have 
further  value.     A  further  area  of  research  would  be  to  see  what 
improvements  in  pellet  binding  occurs  with  the  addition  of  alfalfa 
meal  to  corn-soya  rations.     If  the  percent  of  "fines"  could  be 
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reduced  by  the  addition  of  2  to  3  percent  alfalfa  meal  in  a  ration 
this  would  be  another  "plus  value"  for  alfalfa  meal. 

Table  8. — Influence  of  feeding  various  levels  of  alfalfa  meal 

 on  weight  gain  and  feed  consumption  of  chicks  

Average  Average 
 -^^^"^  weight  feed  intake 


Basal 

+ 

20% 

alfalfa 

203 

292 

Basal 

+ 

40% 

165 

283 

Basal 

+ 

60% 

125 

249 

Basal 

+ 

80% 

71 

152 

Basal 

+ 

20% 

(re^ 

ground  pellets) 

218 

331 

Basal 

+ 

40% 

"  (re^ 

ground  pellets) 

202 

354 

Basal 

+ 

60% 

"  (re^ 

ground  pellets) 

177 

364 

Basal 

+ 

80% 

"  (re^ 

ground  pellets) 

134 

334 

Table  9. --Nitrogen  digestibility  and  dry  matter  digestibility 

 of  alfalfa  meal  when  fed  to  adult  rats  

DMD   N.  digestibility^ 

Diet^         Ingredien?-         Piet^  Ingredient^ 
-"-^^^  MPMPMPMP 

Basal  79.4    78.8        —      ~      85.7  86.4 
Basal  +  50% 

whole  alfalfa  58.5     56.5     37.6     34.2     71.4    69.4    57.0  52.3 

Basal  +  50% 

alfalfa  leaf  61.8    62.8    44.3    46.8    68.5     71.0    51.3  55.7 
Basal  +  50% 

alfalfa  stem  52.4    47.9     25.5    24.0    69.8    63.7    53.9  40.9 


Corrected  for  metabolic  nitrogen.     M-mash ,  P-reground  pellets. 

It  was  not  the  intent  of  the  present  study  to  answer  all  the 
questions  concerning  nutritive  enhancement  of  alfalfa  meal  by 
further  processing.     The  study  has  indicated  however,  that  ME  of 
alfalfa  meal  can  be  enhanced.     Much  more  work  is  required  to  fully 
exploit  these  findings. 
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XANTHOPHYLL  ANALYSIS  AND  AVAILABILITY 


A.  L.  Livingston,  G.  0.  Kohler,  D.  D.  Kuzmicky,  and  R.  E.  Knowles 
Western  Utilization  Research  and  Development  Division,  USDA 

Albany,  California 

At  the  9th  technical  alfalfa  conference  held  at  Lincoln, 
Nebr.,  in  November  1965,  I  described  a  tentative  improved  analytical 
procedure  for  xanthophyll  in  alfalfa  which  eliminated  chlorophyll 
contamination  of  the  xanthophyll  fraction.     This  procedure  was 
subsequently  published,  recommended  by  ADA  to  its  members,  and  is 
now  under  evaluation  by  collaborators  of  the  Association  of 
American  Feed  Control  Officials. 

The  solvents  used  during  chromatography  were  selected  so  as 
to  include  all  the  xanthophylls ,  and  the  method  gave  a  pigmentation 
potency  for  dehydrated  alfalfa  comparable  to  that  of  com  gluten  meal 
when  analyzed  by  the  Corn  Industries  Foundation  method. 

One  objective  was  to  clarify  some  of  the  confusion  that  then 
existed  concerning  xanthophyll  analysis  and  availability  in  dehy- 
drated alfalfa.     A  particular  problem  was  that  there  seemed  to  be 
no  standard  method  for  alfalfa  meal.     A  survey  indicated  that  most 
analytical  laboratories  varied  their  method  with  the  experience  of 
the  operator.     A  review  of  the  literature  also  indicated  that  this 
problem  had  existed  in  the  analyses  of  corn  and  com  gluten  meal, 
usually  resulting  in  incomplete  extraction  of  the  corn  meal. 

One  of  our  objectives  has  been  to  provide  a  method  that  a 
feed  formulator  can  utilize  to  compare  the  two  pigmentation 
sources  and  program  a  minimum-cost  poultry  feed.     I  will  review 
some  of  the  progress  we  have  recently  made  on  the  chemistry,  analy- 
sis,  and  pigmentation  of  the  alfalfa  xanthophylls  and  will  begin 
with  a  review  of  some  of  the  chemistry. 

The  five  principal  xanthophylls  of  alfalfa  are  lutein, 
violaxanthin ,  neoxanthin,  zeaxanthin,  and  cryptoxanthin.  They 
differ  in  structure  with  regard  to  the  number  of  hydroxyls  and 
epoxy  groups.     Violaxanthin  is  diepoxide  zeaxanthin,  while  neo- 
xanthin is  unique  in  having  an  allenic  linkage  in  addition  to 
being  a  trihydroxy  mono-epoxide  xanthophyll.     In  an  earlier  study 
we  found  the  same  five  xanthophylls  in  both  fresh  and  dehydrated 
alfalfa.     However,  we  examined  only  a  single  sample  of  fresh  alfalfa 
grown  at  Albany.     We  have  subsequently  looked  at  some  20  fresh 
samples  and  their  respective  dehydrated  meals.     As  shown  in  table  1 
the  average  value  for  lutein  and  its  isomers  in  the  fresh  plant  was 
68,  neoxanthin  12,  and  violaxanthin  20  percent.     In  the  meal,  lutein 
averaged  83,  neoxanthin  10,  and  violaxanthin  7  percent.     In  an  ear- 
lier fresh  alfalfa  sample  (J.  Agr.  Food  Chem.   1\  563,  1954),  we  found 
lutein  constituted  40,  neoxanthin  19,  and  violaxanthin  34  percent. 
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Table  1. — Percentage  of  principal  xanthophylls  in  twenty 

 fresh  and  dehydrated  alfalfa  samples  

Neoxanthin  Violaxanthin  Lutein'^ 


Fresh"*"         Meal'^  Fresh"*"  Meal"*"  Fresh"*"  Meal"*" 


13 

9 

18 

8 

69 

83 

12 

7 

17 

7 

71 

86 

15 

5 

19 

10 

66 

85 

11 

16 

18 

11 

71 

73 

11 

11 

14 

3 

•  75 

86 

11 

4 

14 

10 

75 

86 

11 

9 

19 

4 

70 

87 

13 

9 

24 

6 

63 

85 

12 

9 

20 

6 

68 

85 

13 

8 

17 

7 

70 

85 

11 

14 

20 

8 

69 

78 

12 

13 

21 

6 

67 

81 

12 

10 

22 

6 

66 

84 

11 

8 

23 

7 

66 

85 

11 

11 

25 

8 

64 

81 

10 

13 

24 

7 

66 

80 

13 

16 

22 

9 

65 

75 

12 

8 

21 

5 

67 

87 

15 

10 

20 

10 

65 

80 

15 

12 

•  19 

8 

66 

80 

12.2 

10.1 

19.9 

7.3 

67.9 

82 

Average  of  duplicate  analyses.  Includes  3  to  6  percent  zea- 
xanthin  and  cryptoxanthin. 

In  the  meal  lutein  made  up  46,  neoxanthin  14,  and  violaxanthin 
16  percent.     The  higher  levels  of  lutein  in  the  later  samples  may 
be  due  to  an  environmental  effect  or  improved  methodology.  The 
earlier  Albany  sample  was  harvested  during  the  summer  months  when 
there  was  a  good  deal  of  high  cloud  cover,  whereas  the  more  recent 
samples  were  harvested  during  a  period  of  low  cloud  and  high  sun- 
light near  Woodland,  Calif.     Interconversions  of  violaxanthin, 
antheraxanthin ,  zeaxanthin  and  lutein,  was  observed  in  spinach 
leaves  by  Blass  and  coworkers  (Plant  Physiol.  _34:  329  ,  1959). 
Accordingly,  one  might  expect  higher  amounts  of  violaxanthin  to 
be  present  during  periods  of  heavy  cloud  cover  or  little  sunlight. 


The  position  of  the  long-wave  absorption  band  of  the 
xanthophylls  depends  on  the  number  of  conjugated  double  bonds  in 
the  molecule.     The  positions  of  the  absorption  maxima  also  depend 
on  the  solvent  used,  hexane  having  the  lowest  and  carbon  disulfide 
the  highest  maxima.     The  introduction  of  a  hydroxyl,  which 
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is  not  conjugated  to  the  polyene  chain,  has  little  effect  on  the 
position  of  the  maxima.     Accordingly,  lutein  and  zeaxanthin  differ 
only  very  slightly  in  the  position  of  the  maxima  of  the  longest 
wavelength,  whereas  violaxanthin  which  is  a  di-5 ,6-epoxide  deriva- 
tive of  zeaxanthin,  has  a  maximum  at  471  my  compared  to  the  477  my 
of  zeaxanthin.     Neoxanthin,  a  trihydroxy  with  a  single  5,6-epoxide, 
is  unique  with  an  allenic  linkage,  which  apparently  accounts  for 
its  maxima  at  the  shorter  wavelength  of  465  my. 

The  5,6-epoxide  groups  of  violaxanthin  are  very  labile  to 
traces  of  acid  and  are  readily  converted  to  the  5, 6,5', 8'- 
diepoxide,  luteoxanthin  or  the  5 ,8,5' ,8'-diepoxide,  auroxanthin. 
We  have  found  that  this  tends  to  occur  spontaneously  during 
storage  of  alfalfa,  or  may  also  occur  during  dehydration  of 
alfalfa  since  violaxanthin  undergoes  the  most  rapid  losses  dur- 
ing dehydration.     Conversion  of  one  5,6-epoxide  to  a  5,8-epoxide 
results  in  a  shift  of  approximately  20  my  to  a  shorter  wavelength 
(figure  1).     Conversion  of  a  5 ,6 ,5 ' ,6 '-diepoxide  to  a  5, 8,5', 8'- 
diepoxide  results  in  a  shift  of  approximately  40  my  (figure  2) . 


0.4 

rbance 

0.3 

1  Neoxanthin 

0 

Ab! 

0.2 

Neoxanthin  I 

\ 
\ 

\ 

5,8  -  epoxide  \ 

0.1 

0.0 

1  1 

\ 
\ 
\ 

S.  \ 

415  445  475 

Wavelength,  mp. 

Figure  1.     Visible  spectra  of  neoxanthin  and  5,8-epoxide  neoxanthin. 

The  products  of  isomerization  of  an  all-trans  xanthophyll 
absorb  at  shorter  wavelengths  in  the  visible  region  than  the  all- 
trans  isomer  (Chem.  Rev.  3j4:  2,  1944).    This  means  that  conditions 
which  produce  isomerization  result  in  reduction  of  absorption 
intensity  as  well  as  a  shift  in  maxima  to  a  shorter  wavelength. 

We  have  identified  two  lutein  cis-isomers  in  dehydrated 
alfalfa  and  have  demonstrated  that  these  may  be  formed  by  either 
iodine  or  acid  isomerization  as  well  as  the  heat  of  dehydration. 
This,  of  course,  results  in  loss  of  apparent  xanthophyll.  In 
addition  to  the  two  apparent  cis-isomers  of  lutein,  we  have 
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0.4 


415  445  475 

Wavelength,  m\x 

Figure  2.     Visible  spectra  of  violaxanthin,  luteoxanthin 

and  auroxanthin. 

tentatively  identified  another  derivative  of  lutein  formed  during 

processing  which  we  call  deoxylutein.     This  apparent  artifact  is  ] 

formed  from  all-trans  lutein  by  the  action  of  dilute  acid,  as  well  j 

as  prolonged  treatment  of  iodine  in  hexane.  j 

Unlike  lutein  isomers  I  and  II,  deoxylutein  is  not  converted  I 

to  either  all-trans  lutein  or  isomers  I  and  II  by  further  isomer-  j 

ization.     This  derivative  may  be  a  mono-hydroxy  lutein.     We  are  j 

presently  in  the  process  of  preparing  sufficient  quantities  of  1 

these  lutein  derivatives  for  structure  characterization  as  well  ] 

as  evaluation  of  pigmenting  potency.  i 

I 

We  have  recently  looked  at  the  pigmentation  potency  of  j 

lutein  (all-trans) ,  violaxanthin  and  neoxanthin.     These  three  i 

xanthophylls  were  prepared  from  a  fresh  alfalfa  extract  by  column  \ 

chromatography  followed  by  recrystallization.     Identification  was  1 

accomplished  by  comparison  of  spectra  in  several  solvents  with  j 

those  reported  in  the  literature,  as  well  as  m.p.   and  chromato-  | 

graphic  properties.  i 

1 

The  respective  xanthophylls  were  included  in  the  diets  of  j 

pigment-depleted  chicks  at  three  levels.     The  epoxy-xanthophylls  I 

were  fed  at  a  very  high  level  to  ascertain  if  any  pigmentation  ] 
might  occur,  or  if  derivatives  might  be  found  in  the  skin  of  the 
broilers.     As  shown  in  table  2,  violaxanthin  was  essentially 
ineffective,  while  neoxanthin  had  about  10  percent  of  the 
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Table  2. — Broiler  pigmentation  results 

Visual 

1       Xanthophyll/100  cm^ 

Supplements 

Dose 

score 

of  toe  web  area 

RSPP^ 

Ms 

^.  /  rhlrlc/dpv 

sis. 

%_ 

0 

Lutein 

0.25 

1.9 

40.2 

0.  50 

2 . 3 

52.6 

n  7  s 

J  z. .  o 

1  nn 
xuu 

Neoxanthin 

1.5 

0.  7 

22.  2 

3.0 

1.  7 

37.0 

4.5 

1.5 

33.6 

8 

Violaxanthin 

1.5 

0.9 

29.8 

3 . 0 

0.8 

29.8 

4 . 5 

1.3 

28.3 

Average  value 

of  7  people 

using  1965  model  Roche  yolk  color 

fan . 

^  Relative  skin 

pigmentation 

potency 

calculated  by  the  slope- 

ratio 

assay  using 

data  from  the 

toe  web 

analysis  . 

pigmentation  potency  of  all-trans  lutein.     However,  we  were  able 
to  detect  the  presence  of  small  amounts  of  both  violaxanthin  and 
neoxanthin,  as  well  as  their  respective  5,8-epoxide  derivatives 
in  the  chicken  skin.     Since  neoxanthin  and  violaxanthin  have 
little  pigmentation  potency,  one  might  consider  excluding  them 
from  the  analysis  for  total  xanthophyll.     Analysis  of  a  consider- 
able number  of  dehydrated  as  well  as  sun-cured  and  freeze-dried 
alfalfa  meals  in  our  laboratory  for  total  'xanthophyll ,  the  three 
principal  xanthophylls ,   and  the  lutein  isomers  by  our  TLC  method 
(J.   Chromatog.   28^:   465,  1967),  demonstrates  why  this  may  not  be 
necessary  in  the  case  of  dehydrated  alfalfa  (table  3).     If  we 
measure  the  neoxanthin  and  violaxanthin  as  lutein  equivalents , 
it  is  apparent  that  in  dehydrated  alfalfa  they  make  up  a  relatively 
small  percent  of  the  total  xanthophyll  absorption  at  475  ran. 
Their  contribution  may  be  actually  offset  by  the  fact  that  the 
lutein  isomers  when  measured  at  475  my  are  actually  discounted. 

In  the  freeze-dried  meals  and  certain  sun-cured  meals , 
where  the  epoxide  xanthophylls  make  up  a  much  higher  percentage 
of  the  total  xanthophylls  it  is  apparent  that  a  special  analytical 
procedure  which  discounts  the  epoxide  xanthophylls  would  be 
required  to  predict  pigmentation  potency.     The  TLC  procedure  we 
use  will  serve  for  research  purposes;  however  we  hope  to  develop 
a  slight  modification  of  our  improved  total  xanthophyll  procedure  ' 
which  will  permit  analysis  of  high-epoxide  meals. 
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In  my  presentation  I  have  emphasized  xanthophyll  analysis 
and  pigmentation  potency.     However  another  factor,  xanthophyll 
availability,  is  at  least  equally  important.     The  technical 
literature  contains  evidence  that  net  all  the  xanthophyll  in 
alfalfa  or  other  feed  materials  is  available  to  poultry.  This 
may  be  due  in  part  to  the  presence  of  nonpigmenting  xanthophylls 
or  to  poor  analytical  procedure.     However,  some  evidence  suggests 
that  there  is  a  physical  or  chemical  factor  which  interferes  with 
the  absorbability  of  xanthophyll.     An  earlier  study  at  our 
laboratory  demonstrated  that  the  pelleting  and  regrinding  of 
alfalfa  leaf  or  whole  meal  increases  its  pigmenting  potency 
(Feedstuffs  37^:  16  ,  1966). 

Although  both  dehydrated  alfalfa  meal  and  corn  gluten 
meal  have  approximately  the  same  pigmentation  potency  when  analyzed 
by  their  respective  procedures  it  appears  that  not  all  of  the 
alfalfa  xanthophyll  is  utilized  by  the  chick.     In  a  recent  study, 
alfalfa  meal  along  with  chromatographed  alfalfa  extracts  were 
included  in  the  diets  of  broilers.     The  alfalfa  meal  was  analyzed 
by  our  improved  procedure  using  80-10-10  (hexane-acetone-methanol) 
to  elute  the  xanthophylls.     As  shown  in  table  4,  the  80-10-10 
alfalfa  extract  was  1.65  times  as  effective  as  the  whole  alfalfa 
meal  although  both  included  the  same  xanthophylls  in  the  same 
proportions.     Accordingly,  the  difference  in  potency  must  be 
attributed  to  availability.     The  difference  between  the  potency 
of  the  extracts  and  the  all-trans  lutein  may  be  attributed  to 
pigmentation  potency  of  the  other  xanthophylls  of  alfalfa  relative 
to  all-trans  lutein.     In  addition  to  a  physical  unavailability  . 
there  may  be  chemical  inhibitors  to  pigmentation.     These  may  be 
esters  of  xanthophylls  or  protein  xanthophyll  complexes.     Both  are 
common  in  plants,  and  may  be  relatively  easy  to  separate  from  the 
xanthophyll  during  analysis,  but  may  interfere  with  pigmentation. 
We  have  not  investigated  this  matter. 

Summary .     In  our  present  program  on  xanthophyll  analysis 
and  availability,  we  have  developed  an  improved  analytical  proce- 
dure which  is  practical  and  gives  good  precision  both  within  and 
between  laboratories.     The  method  is  comparable  with  analyses  of 
xanthophyll  in  corn  meal  and  corn  gluten  meal  by  the  method  of  the 
Com  Industries  Foundation.     Our  procedure  is  suitable  for 
determining  pigmentation  potency  of  dehydrated  alfalfa  meal  but 
not  for  potency  of  freeze-dried  or  mildly  dried  meals  such  as 
certain  sun-cured  meals. 

We  have  demonstrated  that  pigmenting  xanthophylls  are  more 
available  when  extracted  and  fed  than  when  fed  in  the  meal.  We 
have  not  as  yet  fed  a  corn  gluten  meal  extract  in  comparison  with 
a  corn  gluten  meal,  but  the  same  situation  may  prevail  in  this  as 
well  as  alfalfa  and  other  pigmentation  sources.     Still  to  be 
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Table  4. — Skin  pigmentation  potencies  of 

 feed  supplements  for  broilers  

Xan»   level ;mg. /lb .   ration  Relative        Range  of 

3  6  12      pigmentation  potency 

Supplements   Absorb,   of  toe  web  extracts-*-      potency^  P  =  0.05 


Alfalfa  meal 

0.093 

0. 136 

0.188 

1 

00 

Corn  gluten 

meal 

.090 

.123 

.187 

0 

96 

0 

83- 

-1. 

09 

Lutein 

.140 

.204 

.360 

2 

.17 

1 

95- 

-2 

43 

80-10-10  Extract 

.107 

.179 

.284 

1 

.65 

1 

47- 

-1. 

85 

Control 

.041 

Read  at  X  =  475  my.     Each  value  is  an  average  of  four  replicates. 
^  Calculated  from  slope-ratio  assay  on  a  per  unit  of  xanthophyll 
basis. 

evaluated  are  dehydration  and  drying  methods  versus  xanthophyll 
availability.     We  shall  endeavor  to  bring  to  this  conference  future 
progress  reports  on  our  program  on  alfalfa  xanthophylls  from  time 
to  time. 


BRIQUETTING  ALFALFA 

T.  R.   Edgerton,  J.  R.  Carney,  and  E.  C.  Beck 
Komarek-Greaves  and  Company,  Rosemont,  Illinois 

All  alfalfa  processors  are  familiar  with  pelleting  operations 
as  well  as  compaction.     Many  are  not,  however,  familiar  with 
briquetting.     Figure  1  shows  diagrammatically  what  happens  in  a 
briquetting  press.     The  material  to  be  agglomerated  is  fed  into  a 
hopper  which  for  animal  feed  applications  contains  a  tapered  screw 
feeder.     The  screw  feeder  collects  and  delivers  to  the  rolls  a 
material  of  adequate  bulk  density.     The  heart  of  a  briquetting 
press  consists  of  two  very  heavily  constructed  high-pressure  rolls 
which  rotate  counter  to  each  other.     The  surfaces  contain  pockets 
which  form  the  material  into  briquets.     In  many  applications  high 
pressure  alone  is  all  that  is  required  to  form  an  easily  handled 
produc  t . 
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Figure  1.     Diagram  of  briquetting  operation. 

While  there  is  no  objection  to  use  of  a  binder  such  as  hemi- 
cellulose  extract,  sulfite  liquor,  bentonite,  molasses  or  similar 
materials,  these  are  often  not  necessary.     The  effect  of  briquet- 
ting  is  very  dramatically  illustrated  by  the  fact  that  a  volume 
reduction  of  13  to  1  can  be  obtained  with  loose  fibrous  materials 
of  this  type.     The  only  binder  needed  for  holding  alfalfa  briquets 
together  is  the  naturally  occurring  materials  in  the  alfalfa  itself. 

Briquetting  has  a  number  of  distinct  advantages.     The  first 
obvious  advantage  is  to  facilitate  handling.     It  is  much  more 
convenient  to  handle  briquetted  than  bulk  alfalfa.     A  second  advan- 
tage, which  is  not  shared  with  pellets,  is  the  long  fiber  length 
which  can  be  preserved  in  a  briquet.     Figure  2  is  a  closeup  of  an 
alfalfa  briquet.     The  briquet  shown  is  2  x  1-1/4  inches  in  size. 
Advantage  is  taken  of  the  fact  that  alfalfa  is  a  fibrous  product 
and  long  fibers  help  to  hold  the  briquet  together. 


The  real  value  of  long  alfalfa  fiber  is  in  the  rumen  itself. 
Many  nutritionists,  especially  dairy  nutritionists,  would  like  to 
see  at  least  part  of  the  fiber  length  greater  than  3/8-inch  in  a 
balanced  ration.     Many  briquetted  fibers  are  much  longer  than  3/8- 
inch  and  in  this  particular  briquet,  the  average  fiber  length  is 
1-1/4  inches.     A  third  advantage  is  that  alfalfa  briquets  keep 
readily  in  a  moisture  range  of  10  to  30  percent.     The  wide 
moisture  range  possible  with  briquetted  alfalfa  is  not  common 
to  other  methods  of  agglomeration.     The  easiest  moisture  range 
to  work  in  is  from  14  to  19  percent;  however,  the  moisture  content 
is  not  nearly  as  critical  with  briquetting  as  it  is  with  other  modes 
of  agglomeration. 
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Figure  2.     Alfalfa  briquet. 


This  fact,  together  with  the  preservation  of  long  fiber 
length,  makes  possible  some  processing  shortcuts  which  may  be 
quite  desirable.     Alfalfa  entering  a  dryer  has  a  moisture  content 
around  75  percent.     It  is  obviously  more  economical  to  dry  to 
16  percent  and  briquet  than  to  dry  to  6  or  8  percent  chop,  then 
process  by  other  means.     This  has  the  double  effect  of  increasing 
dryer  capacity  and  also  preserving  a  greater  quantity  of  carotene 
and  xanthophyll. 

An  additional  advantage  of  briquetting  is  reduced  power 
requirements  compared  with  other  modes  of  agglomerating  alfalfa. 
Because  of  the  rolling  action  of  a  briquetting  press,  the  power 
to  process  a  ton  of  alfalfa  into  briquets  is  roughly  half  the 
power  required  to  produce  a  ton  of  pellets.     This  is  because  the 
alfalfa  is  not  forced  through  a  die  and  in  so  doing,  forced 
through  a  state  of  sheer  which  is  not  natural  for  fibrous  mate- 
rials.    Alfalfa  fibers  readily  lend  themselves  to  pressing  and 
rolling  but  not  to  sliding  stresses  and  sheer. 

For  this  reason  we  also  find  additional  advantage  in  the 
heat  of  processing.     Without  undue  shearing  stresses,  the  heat 
of  processing  is  considerably  lower  in  a  rolling  press  than  in 
pelleting  equipment.     Processwise,   this  means  savings.  Nutrition- 
ally, it  means  the  possibility  of  less  destruction  of  valuable 
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Figure  3.     Laboratory  model,  25-ton  press, 
capacity  0.5  ton  per  hour. 

compounds  present  in  natural  alfalfa.     One  more  advantage  involves 
segregation  of  materials.     If  a  number  of  materials  are  blended 
and  briquetted,  any  breakup  of  the  briquet  will  always  contain  the 
original  composition  of  the  blend.     There  will  not  be  classifica- 
tion or  segregation  of  ingredients. 

Now  where  this  is  significant  to  alfalfa  processors  is  as 
follows.     Dehydrated  always  competes  with  sun-cured  alfalfa.  You 
find  from  time  to  time  that  the  alfalfa  commodities  market  becomes 
hard-pressed  because  of  shifting  demands.     Levels  of  alfalfa  in 
broiler  rations  are  minimal  because  of  fiber  content.  Dehydrated 
alfalfa  is  used  in  layer  feeds  where  energy  is  not  critical,  and 
a  source  of  xanthophyll  is  desirable.     If  dehydrated  alfalfa  is 
to  be  briquetted,  various  ration  ingredients  can  be  pre-blended 
with  it  to  meet  certain  needs.     For  example,  urea,  barley,  flaked 
milo,  or  granulated  mineral  supplements  can  be  mixed  with  the 
alfalfa  in  such  proportion  as  to  form  finished  ration  products. 
If  this  mixture  is  then  briquetted,  a  new  commodity  has  been 
created.     You  do  not  have  another  run  of  dehydrated  alfalfa  but 
instead  you  have  a  complete,  marketable  ration  which  can  be  pro- 
duced for  very  little  additional  cost. 

-  121  - 


Figure  4.     Larger  press,  with  capacity  of 
10  tons  per  hour  of  product. 

It  is  possible  to  form  a  wide  variety  of  briquet  shapes. 
The  briquetting  rolls  can  be  built  to  almost  any  specifications. 
Shapes  and  sizes  can  be  varied  from  about  the  size  and  shape  of 
almonds  or  walnuts,  to  ovoid  blocks  with  a  length  of  5  inches. 

■J  ■ 

Figure  3  shows  one  type  of  press  which  may  be  used  for 
producing  briquets.     This  is  a  laboratory  model  press  which  has 
rolls  9  inches  in  diameter  and  3  inches  wide.     It  is  capable  of 
exerting  25  tons  of  force  between  the  rolls.     Figure  4  shows  a 
300  ton  press.     These  rolls  are  28  inches  in  diameter,  27  inches 
wide  and  are  held  together  by  maximum  force  of  300  tons.  Depend- 
ing upon  the  density  of  the  product  formed  and  the  speed  at  which 
the  rolls  are  turned,  it  is  possible  with  alfalfa-based  products 
to  produce  in  excess  of  10  tons  per  hour  of  finished  product 
from  the  large  press  and  half  a  ton  an  hour  from  the  small  labor- 
atory model.     Many  models  of  presses  are  available,  each  designed 
to  perform  a  specific  job. 

The  following  conclusions  are  apparent.     Briquetting  of 
alfalfa  is  possible  in  a  very  broad  moisture  range,  preserves  its 
nutritional  value  and  very  important  fiber  length,  conserves  power 
and  prevents  excessive  heat  buildup.     Last,  but  also  most  important, 
briquetting  opens  up  the  possibility  to  the  alfalfa  processor  of 
getting  into  a  whole  new  line  of  products  which,  while  they  are 
still  alfalfa  based,  have  been  sufficiently  modified  to  be 
classified  as  complete  ration  feeds. 
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